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PREFACE. 



Some years syice, I announced to the public an in- 
tention of preparing a series of text books, in Natural 
Philosophy and Astronomy, adapted, respectively,* to 
Colleges, Academies, and Common Schools. A Trea- 
tise on Natural Philosophy in two volumes, 8vo, and 
a Treatise on Astronomy in one volume, 8vo, a School 
Philosophy, and a School Astronomy, each in a duode- 
cimo volume, have long been before the public, and 
have passed through numerous editions. Various en- 
gagements have prevented my completing, until now, 
the original plan, by adding a work of a form and price 
adapted to the primary schools, and in a style so easy 
and familiar, as to be suited to pupils of an earlier age 
than my previous works. 

In writing a book for the pupils of our Common 
Schools, or for the younger classes in Academies, I 
do not, however, consider myself as writing for the 
ignorant and uncultivated, but rather for those who 
have but little time for these studies, and who, there- 
fore, require a choice selection of principles, of the 
highest practical utility, and desire the greatest possible 
amount of valuable information on the subjects of Nat- 
ural Philosophy and Astronomy, in the smallest com- 
pass. The image which I have had coiialsc5V\\'^>o^lat^ 
me, ia that of an intelligent scholar, of «= * " %cx.> Viotcl 
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twelve to sixteen years of age, bringing to the subject 
a mind improved by a previous course of studies, and 
a capacity of being interested in this new and pleas- 
ing department of knowledge. I have imagined the 
learner, after having fully mastered the principles ex- 
plained in the first part, which treats of Natural Phi- 
losophy, entering upon Astronomy, in the second part, 
with a capacity much enlarged by what he has already 
acquired, and i^th a laudable curiosity to learn the se- 
crets of the skies. I have imagined his teacher lend- 
ing him occasional aid from a map of the stars, or a 
celestial globe, and stimulating as well as rewarding 
his curiosity, by pointing out to him the constellations. 
It is hoped, also, that most of the teachers who use 
this work, will have the still higher advantage of afford- 
ing to youthful curiosity a view with which it is al- 
ways delighted, — that of the moon, planets, and stars, 
through a telescope. 

I should deem myself incompetent to write a book 
like the present, if I had not been, myself, a teacher, 
first in a common school, and afterwards in an acad- 
emy or grammar school of the higher order. No one, 
in my judgment, is qualified to write text books in any 
department of instruction, who does not know, by ac- 
tual experience, the precise state of mind of the pupils 
for whom he writes. Several years of experience in 
teaching the rudiments of knowledge, in my early life, 
and the education of a large family at a later period, 
have taught me the devices by which the minds of 
young learners are to be addiesae^/\\iat^«i^'a.v«ah- 
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jects at once new, and requiring some powers of re- 
flection to understand them, may be comprehended 
with perfect clearness, and of course with lively plea- 
sure. Children are naturally fond of inquiring into 
the causes of things. We may even go farther, and 
Bay, that they begin from infancy to interrogate nature 
in the only true and successful mode, — that of experi- 
ment and observation. With the taper, which first 
fixes the gaze of the infant eye, the child commences 
his observations on heat and light. With throwing 
from him his playthings, to the great perplexity of his 
nnrse, he begins his experiments in Mechanics, and 
pursues them successively, as he advances in age, 
studying the laws of projectiles and of rotary motion 
in the arrow and the hoop, of hydrostatics in the dam 
and the water wheel, and pneumatics in the wind mill 
and the kite. I have in my possession an amusing and 
well executed engraving, representing a family scene, 
where a young urchin had cut open the bellows to find 
the wind.- His little brother is looking over his shoul- 
der with innocent and intense curiosity, while the 
angry mother stands behind with the uplifted rod, and 
a countenance which bespeaks the woe that impends 
over the young philosopher. A more judicious parent 
would have gently reproved the error ; a more Enlight- 
ened parent might have hailed the omen as indicating 
a Newton in disguise. 

It is earnestly hoped, that the Rudiments of Natural 
Philosophy and Astronomy, — as much, at leasts as is 
contained in this small volume, — ^w\l\ be a.VoAie^ vcl 
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every primary school in our land. In addition to the 
intellectual and moral advantages, which might rea- 
sonably be expected from such a' general diffusion of a 
knowledge of the laws of nature, and the structure of 
the universe, incalculable advantages would result to 
society from the acquaintance, which the laboring 
classes would thus gain, with the principles of the arts ; 
principles which lie at the foundation of their daily 
operations, — for a "principle in science is a rule in art." 
Such a knowledge of philosophical principles, would 
suggest easier and more economical modes of perform- 
ing the same labor ; it would multiply inventions and 
discoveries ; and it would alleviate toil by mingling with 
it a constant flow of the satisfaction which always at- 
tends a clear understanding of the principles of the arts. 
Although this treatise is especially designed for 
schools, yet I would venture to recommend it to read- 
ers of a more advanced age, who may desire a concise 
and comprehensive view of the most important and 
practical principles of Natural Philosophy and Astron- 
omy, comprising the latest discoveries in both these 
sciences. The part, on Astronomy, especially, when 
compared with the sketches contained in similar works, 
may be found, perhaps, to have some advantages in 
the selection of points most important to be generally 
known-^in perspicuity of style and arrangement — and 
in simplicity and fullness of illustration. It may, how- 
ever, be more becoming for the author to submit this 
comparison to the judgment of the intelligent reader. 
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NATURAL PHILOSOPHY. 



INTRODUCTION.* 

GRAND DIVISIONS OF THE NATURAL SCIENCES. 

1. As in Geography we have a clearer understanding 
of particular countries, if we first learn the great divis- 
ions of the globe, so we shall see more fully the pecu- 
liar nature of the sciences we are now to study, if we 
first learn into what distinct provinces the great empire 
of science is divided. 

To describe and classify the external appearances of 
things in nature, is the province of Natural History ; 
to explain the causes of such appearances, and of all 
the changes that take place in the material world, is 
the province of Natural Philosophy. The properties 
of bodies which are presented to the senses, such as 
form, size, color, and the like, are called external char^ 
acters ; all events or occurrences in the material world, 
are called phenomena. Natural History is occupied 

'Inatraeton may find it expHient, in the case of Tery young teamen, to 
pan over this Introduftion, befpnning at Chapttr I ; but nheii the state of 
the pupil is sufficiently advanced, we recommend its being well treasured up 
ia the memory. 

QUESTIONS. 
Article 1. What is the province of Natural History ? Of Natural 
PhiloBOf^y ? What properties of bodies are called the external chorouo 
Un? What are phencmena? With what is KaJCVtt«iB.\aViri <^vfc^^ 
2 
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chiefly with the external characters of bodies, whicl 
it describes and classifies ; Natural Philosophy, with 
phenomena, which it reduces under general laws. 
Thus, the natural historian first observes and describes 
the external characters of animals, vegetables, and min- 
erals, and then classifies them, by arranging such as 
resemble each other in separate groups. The natu- 
ral philosopher, also, first observes and describes the 
phenomena of nature and art, and brings together sucli 
as are similar, under separata laws ; for example, the 
phenomena and laws of winds, of storms, of eclipses, 
and of earthquakes. 

2. We may form some idea of the method of clas^- 
fication in Natural History, and of the investigation ol 
general principles or laws in Natural Philosophy, by 
taking examples in each. The individual bodies that 
compose the animal, the vegetabfe, and the mineral 
kingdoms, are so numerous that, in a single life, we 
could make but little progress in acquiring a knowl- 
edge of them, if it were not in our power to collect into 
large groups, such as resemble each other in a greater 
or less number of particulars. When this is done, our 
progress becomes comparatively rapid ; for what we 
then learn respecting the group, will apply equally to 
all the individuals comprised in it. Hence, the various 
bodies in the several kingdoms of nature, are distribu- 
ted into classes, orders, genera, species, and varieties. 
Thus, those minerals which are like each other in 
having a certain well-known lustre, are collected to- 
gether into one class, under the head of Metals; while 
others destitute of this peculiar character, but having 
certain other characters in common, are collected into 

occupied ? Ditto Natural Ph ilosophy ? Gi ve an example of the objects 
of the Natural Historian. Also of the Natural Pliilosopher. 

2. Why is it necessary to dassi/y the productions of nature ? How 
does such a classification make our progress more rapid ? into what 
an the nnotis bodies in nature dutrUnUed? 
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another class, under the head of Earths.* But some 
metals, as lead and iron, easily rust, while others, as 
gold and silver, do not rust at all. Hence, metals are 
distributed into two orders ; those which easily cor- 
rode being called base metals, and those which do not 
corrode, noble metals. But the niembers of each order 
have severally distinctive properties, which give rise 
to a further division of an order into genera. Thus, 
iron constitutes one genus and lead another, of the or- 
der of base metals. But of each of these genera there 
are several sorts, as wrought iron and cast iron, white 
lead and red lead. Each genus, therefore, is subdivi- 
ded into SPECIES, by grouping together such members 
of the same genus as resemble each other in several 
particulars. Finally, the individuals of each species 
may differ from each other, and hence the species is 
still further divided into varieties. Thus, Swedes 
iron and Russia iron, are varieties of the same species 
of the genus wrought iron, of the order of base metals. 
3. The knowledge we gain of any individual body, 
depends upon the extent to which we carry the clas- 
sification of it. It is something to ascertain the class 
to which it belongs ; for example, that the body is a 
metal and not an earth. It is stiU more to learn to 
what order of metals it belongs, as that it is one of the 
base and not one of the noble metals. We have ad- 
vanced still further when we have ascertained that it 
belongs to the genus iron, and not to that of lead. If 
we find that it is wrought and not cast iron, we ascer- 
tain the species ; and, finally, if we learn that it is 

*l hn example b ei^cn merely for the purnoM of illnttnitinr the methtd 
nit elaHificatioii,and nut of thowinr the clauificatinu of miitenut m aetuallr 
adoptrd. 'J kit would be too techmeal fur our present purpow. 

Give an example of classification in the case of minerals, 
3. Upon what does the knowledge we acquire of any indiridual 
body depend? Show how we proceed from the claat to the order, 
from the order to the gemu, from the genus to the speciet, and from 
the species to the variety. 
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18 NATURAL PHILOSOPHY. 

that fell under its notice were multiplied, the field be- 
came too vast for one mind, and it was divided into twc 
parts — what related to the earth belonged to Natural 
Philosophy, while the study of the heavenly bodies 
was erected into a separate department under the head 
of Astronomy. By and by, however, the whole of 
terrestrial nature, as the objects of inquiry were fur- 
ther multiplied, presented too wide a field for one mind 
to explore, and Natural Philosophy was restricted to 
the investigation of the laws of nature, while the de- 
scription and classification of the productions of the 
several kingdoms of nature, was assigned to a distinct 
department under the name of Natural History. Still, 
it was a work too vast to take note of all the phenom- 
ena of nature and art, and investigate all the laws that 
govern them, and hence Natural Philosophy was again 
divided into Mechanical Philosophy and Chemistry. 
Mechanical Philosophy relates to the phenomena and 
laws of masses of matter; Chemistry, to the phenom- 
ena and laws of particles of matter. Mechanical 
Philosophy considers those effects only which are not 
attended by any change of nature, such as change of 
place, (or motion,) change of figure, and the like. 
Chemistry considers those effects which result from 
the action of the particles of matter on each other, 
and which more or less change the nature of bodies, 
so as to make them something different from what 
they were before. Finally, it became too much for 
one class of laborers to investigate the changes of na- 
ture or constitution, which are constantly going on in 
every body in nature, and in every process, natural or 
artificial, and Chemistry was, therefore, restricted to 

was it divided into two parts 1 What belonged to Natural Philosophy ? 
What to Astronomy? How was Natural Philosophy still further di- 
vided? To what was it restricted? What was assigned to Natural 
History? Into what was Natural Philosophy again divided? To 
what does Mechanical Philosophy relate ? What Chetnistry ? What 
^5r/^ does Mechanical Pliiloaophy consider? What Chemistry? 
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inanimate matter, while what relates to living matter 
was erected into a separate department mider the head 
■of Physiology. 

8. Natural History, moreover, found for itself an 
empire too vast, in attempting to describe and classify 
the external appearances of all things in nature. 
Hence this study has been successively divided into 
various departments, the study of vegetables being re- 
ferred to Botany ; of animals to Zoology ; of inanimate 
substances to Mineralogy. Still further subdivisions 
have been introduced into each of these branches of 
Natural History, as the objects embraced in it have 
multiplied. Thus, the study of that branch of Zoolo- 
gy which relates to fishes, has been erected into a 
separate department under the head of Ichthyology ; 
of birds into Ornithology ; and of insects into En- 
tomology. 

9. A division of the studies which relate to the 
world we inhabit, has also been made into three de- 
partments. Geography, Geology, and Meteorology ; all 
objects on the surface of the earth being assigned to 
Geography ; beneath the surface, to Geology ; and 
altove the surface, to Meteorology. Of these. Geog- 
raphy, in this extensive signification, presents the 
largest field, since it comprehends, among other things, 
MAN and his works. 

10. Mechanical Philosophy is, strictly speaking, 
the branch of human knowledge which we now pro- 
pose to learn ; but it still retains the original name. 
Natural Philosophy, though in a sense greatly re- 
How was Chemistry divided ? To what restricted, and what was as- 
signed to Physiology ? 

8. Into what has Natural History been successively divided ? What 
was referred to Botany 1 What to Zoology ? What to Mineralogy ? 
Whai fiirther subdivisions have been introduced into each of these 
branches? 

9. Into what three departments has all terrestrial nature been divi- 
ded? What is assigned to Geography ? — what to Geology ? — aDdYf\\«X 
to MeUontogy ? Which presents the largest field ] 
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stricted, compared with its ancient significatioiK The 
complete investigation of almost any subject, either of 
nature or art, usually, in fact, enters the peculiar pro- 
vince of several kindred departments of science. For 
example, let us follow so simple a substance as bread, 
from the sowing of the grain to its consumption as 
food, and we shall find that the successive processes 
involve, alternately, the principles of Mechanical Phi- 
losophy, Chemistry, and Physiology. The ploughing 
of the field is mechanical and not chemical, because 
it acts on masses of matter, and produces no change 
of nature in the matter on which it operates, so as to 
make it something different from what it was before, 
but merely changes its place. For similar reasons the 
sowing of the grain is mechanical. But now a change 
occurs in the nature of the seed. By the process 
called germination, it sprouts and grows and becomes 
a living plant. As this is a change which takes place 
between the particles of matter, and changes the na- 
ture of the body, it seems, by our definition, to belong 
to Chemistry, and it would do so were not the changes 
those of living matter : that brings it under the head 
of Physiology. All that relates to the growth and 
perfecting of the crop is, in like manner, physiological. 
The reaping, carting, and threshing the wheat, are all 
mechanical processes, acting as they do on masses oi 
matter, and producing no alteration of nature, but 
merely a change of place. The grinding and separa^ 
tion of the grain into fiour and bran, looks like a chem- 
ical process, because it reduces the wheat to particles, 
and brings out twon ew substances. We have, how- 
ever, only changed the figure and place. The grain 

10. What is strictly our subject ? What other name does it still re- 
tain ? What is true of the complete investigation of any subject in 
nature or art? How exemplified in the case of bread ? Why is the 
ploughing mechanical ? Why is the sowing mechanical ? Why is the 
germination physiological ? How is it with the reapingf eartingf an4 
tftrtahing ? The grinding and manufactulre into Jlour ? Making the 
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CGI .'-»!* the same particles before and after grind- 

iing • ; y new substance is really produced by the 
Sep • • of the flour from the bran, for both were con- 
taifl , *n' iii'» mixture, having the same nature before as 
afte • ? . 5 fei ■ iration. We next mix together flour, water, 
and /' ^t, to make bread, and bring it to the state of 
; doiig ■ -"'^«i ""ar the process is mechanical; but now 
the f »* • ''-^ of these diflferent substances begin to act 
I on e.i' r. o ^« % by the process called fermentation, and 
i new : K^ .. Vires are produced, not existing before in 
! eithe: ■ . ■ ^i • ingredients, and the whole mass becomes 
some: \r -.i a very diflferent nature from either of the 
' I articlt. -oi .v. : ich it was formed. Here then is a chem- 
' icalch Ji'g^^ Next we make the dough into loaves and 
' place . ^' ui j'l the oven by processes which are me- 
[ I chanic ' j . ui igain heat produces new changes among 
' the pa:/ 'i' '■ i: nd brings out a new substance, bread, 
' which 1 • l•lv^'ly diflferent in its nature both from the 
origina! j'-iUents and from dough. This change, 
^ therefo:< i- 'ii' mical. Finally, the bread is taken into 
the moi;: iiy.sdcated, and conveyed to the stomach 
by mecJi "' "al operations ; but here it is subjected to 
, the actic'i ' the principle of life that governs the ani- 
mal syst' I and therefore again comes under the pro- 
vince of |>; nology. 

11. T .• w'stinction between terms, which are apt 
to be coi In 'lied with each other, may frequently be 
expressed ! . ^^ngle words or short phrases, although 
they may mo nvey full and precise deflnitions. The 
following :!rc .dimples : History respects facts ; Phi- 
losophy, c:lks Physics, matter ; Metaphysics, mind ; 
Science, g.-: if> jrinciples ; Art, rules and instruments. 
Physical Ir.v: • modes of action; moral and civil 



bread! Its J ;,> 
wenl The 6 ■/:. 
11. Whatdc . 
Metaphysics?- .r" 
htifsf What .i I 



■ ? Forming into loaves and placing in the 
tingl — the final change in the stomachl 
respect? What Philosophy ?— Physics ?— 
—Art ? What are p\vysica\ wvd vm-aX twatA 
Fince of Natural, and w^aX V\iaX ol '^Qswi 
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laws, rules of action. The province of Natural Philos- 
ophy is the material world ; that of Moral P^jjlosophy 
is the soul. Mechanical eflfects result from ishange of 
place or figure ; Chemical, from change df nature. 
Chemical changes respect inanimate matter;' Physio- 
logical, living matter. • 

12. Mechanical Philosophy takes account of such 
properties of matter only as belong to all bod/iea what- 
soever, or of such as belong to all bodies in th^ same 
state of solid, fluid, or aBriform. These a^e felr in 
number compared with the peculiar properties of indi* 
vidual bodies, and the changes of nature which they 
produce on each other, all of which belong to Chemis- 
try. Chemistry, therefore, is chiefly occupie^ with 
matter ; Natural Philosophy, with motion. Th e lead- 
ing subjects of Natural Philosophy are — 
•1. The general properties of Matter. ■ 

2. Motion and the Laws of Motion, constitiafing the 
doctrine of Mechanics. 

3. The Laws of Fluids in the form of. water, or 
Hydrostatics. 

4. The Laws of Fluids in the form of ai^^^or Pneu- 
matics. 

5. The Atmosphere, or Meteorology. 

6. Sound, or Acoustics. 

7. Electricity. f 

8. Magnetism. j 

9. Light, or Optics. f 

Philosophy ? From what do mechanical effects n suit ? — from what 
chemical ? What do chemical changes respect, ;,'ind ^vhat physio- 
logical ? 

12. Of what properties does Mechanical Philoecnhv take account? 
With what is Chemistry chiefly occupied?— with v.A at is ^Jatural Phi- 
losophy ? Enumerate the leading subjects of Nat ui U Phdosophy. 
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CHAPTER L 
GENERAL PROPERTIES OF MATTER. 

EXTBlTflXON AND IMPENETRABILITY— DIVI8IBIUTY— POBOSITY—COM- 
PBBSSIBILITY— ELASTICITY— INDESTRUCTIBILITY—ATTRACTION, 

13. All matter has at least two properties — Exten- 
sion and Impenetrability. The smallest conceivable 
portion of matter occupies some portion of space, and 
has length, breadth, and thickness. Extension, there- 
fore, belongs to all matter. Impenetrability is the 
property by which a portion of matter excludes all 
other matter from the space which it occupies. Thus, 
if we drop a bullet into water, it does not penetrate 
the water, it displaces it. The same is true of a nail 
driven into wood. These two properties of matter are 
all that are absolutely essential to its existence ; yet 
there are various oiher properties which belong to 
matter in general, or at least to numerous classes of 
bodies, more or less of which are present in all bodies 
with which we are acquainted. Such are Divisibility, 
Porosity^^ompressibility, Elasticity, Indestructibility, 
and Attraction. Matter exists in three different states, 
of solids, liquids, and gases. These result from its 
relation to heat ; and the same body is found in one or 
the other of these slates, according as more or less 
heat is combined with it. Thus, if we combine with 
a mass of ice a certain portion of heat, it passes from 
the solid to the liquid state, forming water ; and if we 
add to water a certain other portion of heat, it passes 
into the same state as air, and becomes steam. Chem- 
istry makes known to us a great number of bodies in 

13. What are the two es^f^ial properties of matter ? Why does 
extension belong to all matter? De^ne impenetrability, and give an 
example. What other properties belong to matter? In what thiee de- 
ferent states does matter exist I How exemplified in ^raleil ^V^YaX 
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the aerifonn state, called gases, arising from the union 
of heat with various kinds of matter. The particles 
which compose water, for example, are of two kinds, 
oxygen and hydrogen, each of which, when united 
with heat, forms a peculiar kind of air or gas. 

14. Matter is divisible into exceedingly minute parts. 
A leaf of gold, which is about three inches square, 
weighs only about the fifth part of a grain, and is only 
the 282,000th part of an inch in thickness. Soq> 
bubbles, when blown so thin as to display their gaudy 
colors, are not more than the 2,000,000th of an inch 
thick ; yet every such film consists of a vast number 
of particles. The ultimate particles of matter, or ' 
those which admit of no further division, are called 
atoms. The atoms of which bodies are composed are 
inconceivably minute. The weight of an atom of 
lead is computed at less than the three hundred bil- 
lionth part of a grain. Animalcules (insects so small 
as to be invisible to the naked eye, and seen only by 
the microscope) are sometimes so small that it would 
take a million of them to amojmt in bulk to a grain of 
sand ; yet these bodies often have a complete organi- 
zation, like that of the largest animals. They have , 
numerous muscles, by means of wliich they often 
move with astonishing activity ; they have a digestive 
system by which their nutriment is received and ap- 
plied to every part of their bodies; and they have 
numerous vessels in which the animal fluids circulate. 
What must be the dimensions of a particle of one of 
these fluids ! 

15. A large portion of the volume of all bodies eon» 
sists of vacant spaces, or pores. Sponge, for example^ 
exhibits its larger pores distinctly to the naked eye. 

are bodies in the state of air called? What agent maintains matter 
in the state of gas ? 

14. DwuibUity. -^"Examples in gold leaf— soap bubbles. What are 
atoms ? — weight of an atom of lead 1 What are animalcules ? Show 
the extreme minuteness of their parts. 
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But it also has smaller pores, of which the more solid 
matter of the sponge itself is composed, which are 
usually so small as to be but faintly discernible to the 
naked eye. The cells which these parts compose are 
separated by a thin fibre, which itself exhibits to the 
microscope still finer pores ; so that we find in the 
same body several distinct systems of pores. Even 
the heaviest bodies, as gold, have pores, since water, 
when enclosed in a gold ball and subje<^ted to strong 
pressure, may be forced through the sides. Most an- 
imals and vegetables consist in a great degree of mat- 
ter that is exceedingly porous, leaving abundant room 
for the peculiar fluids of each to circulate. Thus, a 
thin slip or cross section of the root or small limb of 
a tree, exhibits to the microscope innumerable cells 
for the circulation of the sap. 

16. All bodies are more or less compressible, or may 
be reduced by pressure into a smaller space. Bodies 
differ greatly in respect to this property. Some, as 
air or sponge, may be reduced to a very small part of 
their ordinary bulk, while others, as gold and most 
kinds of stone, yield but little to very heavy pressures. 
Still, columns of the hardest granite are found to un- 
dergo a perceptible compression when they are made 
to support enormous buildings. Water and other 
Hqoids strongly resist compression, but still they yield 
a little when pressed by immense forces. 

17. Many bodies^ after being compressed or extended, 
restore themselves to their former dimensions, and hence 
are eaUed' elastic. Air confined in a bladder, a sponge 
compressed in the hand, and india rubber drawn out, 
tre familiar examples of elastic bodies. If we drop 

15 PonM^.— Example in sponge. What proof is there that gold 
kpofous? How do we learn that animal and vegetable matter is 
porous? 
16. ChimtstQnUty. — ^How do bodies differ in this respect ? What 
~ ■ eiu^ yield to pressure ?— what yield littlet How i» \X Nnii^ 
bT— vnthwster? 

3 
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on the floor a ball of yam, or of ivory or glass, it re- 
bounds, being more or less elastic ; whereas, if we do 
the same with a baU^f lead, it falls dead without re* 
bounding, and is therefore non-elastic. When a body 
perfectly recovers its original 
dimensions, it is said to be 
perfectly elastic. Thus, air is 
perfectly elastic, because it 
completely recovers its former 
volume, as soon as the com- 
pressing force is removed, and 
' hence resists compression 
with a force equal to that 
which presses upon it. Wood, 
when bent, seeks to recover 
itself on account of its elasti- 
city ; and hence its use in the 
bow and arrow, the force with 
which it recovers itself being 
suddenly imparted to the ar- 
row through the medium of 
the string. 

1 8. Matter is wholly indestructible. In all the chan« 
ges which we see going on in bodies around us, not a 
particle of matter is lost -, it merely changes its form ; 
nor is there any reason to believe that there is now a^ 
particle of matter either more or less than there was- 
at the creation of the world. When we boil water 
and it passes to the invisible state of steam, this, on 
cooling, returns again to the state of water, without 
the least loss ; when we burn wood, the solid matter 
of which it is composed passes into different forms, 

17. Elasticity. — Give examples. Show the difference between balls 
of ivory and lead. When is a body perfectly elastic ? Give an exam^ 
pie. Explain the philosophy of the uow and arrow. 

18. Indestructibility. — Is matter ever annihilated or destrovedt 
What becomes of water when boiled, and of wood when bumedi 




GENERAL PROPERTIES OF MATTER. 27 

some into smoke, some into different kinds of airs, or 
gases, some into steam, and some remains behind in 
the state of ashes. If we should collect all these 
various products, and weigh them, we should find the 
amount of their several weights the same as that of 
the body from which they were produced, so that no 
portion is lost. Each of the substances into which 
the wood was resolved, is employed in the economy 
of nature to construct other bodies, and may finally 
re-appear in its original form. In the same manner, 
the bodies of animals, when they die, decay and seem 
to* perish ; but the matter of which they are composed 
merely passes into new forms of existence, and re-ap- 
pears in the structure of vegetables or other animals. 

19. All matter attracts all other matter. This is 
true of all bodies in the Universe. In this extensive 
sense, attraction is called Universal Gravitation. In 
consequence of the attraction of the earth for bodies 
near it, they fall towards it, and this kind of attraction 
is called Gravity. Several distinct cases of this prop- 
erty occur also among the particles of matter. That 
which unites particles of the same kind (as those of a 
musket ball) in one mass, is called Aggregation; that 
which unites particles of different kinds, forming a 
compoi«fd, (as the particles of fiour, water, and yeast 
in bread,) is Affinity. The term Cohesion is used to 
denote simply the union of the separate parts that 
make up a mass, without considering whether the par- 
ticles themselves are simple o]/ compound. Thus the 
grains which form a rock of sandstone, are united by 
cohesion. Magnetism and electricity als6 severally 
endue different portions of matter with tendencies 
either to attract or repel each other, which are called, 

What becomes of the bodies of animals when they die 7 
19. Attraction. — How extensive ? What is it called when applied 
to all the bodies in the Universe ? Why do bodies fall toward iha 
earth? What is this kind of attraction cal\ed1 "WVi^xSa «i;|BB»^>C\aiv\ 
'-aanity?-"Cohesion? Give an example of eacYk. ''WVijbX ^^ tMWb- 
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respectively, ilfa^nc/tc and Electric attractions. Ta- 
nacity, or that forc^by which the particles of matter 
hang together, is ^ij^ a form of cohesion. Of all 
known substances, iron wire has the greatest tenacity. 
A number of fine wires bound together constitute what 
is called a wire cable. These cables are of such pro- 
digious strength that immense bridges are'^ 
Fig. 2. 




suspended by them. The Menai bridge, in Wales, 
one of the greatest works in modem times, is thus 
supported at a great height, although it weighs towards 
two thousand tons. 



CHAPTER II. 
MECHANICS. 

MOTION IN GBNESAL— LAWS OF MOTION — CENTRE OP GRAVITY — 
PRINCIPLES OF MACHINERY. 

20. Mechanics, or the Doctrine of Motion, is that 
part of Natural Philosophy which treats of the laws of 
equilibrium and motion. It considers also the nature 
of the forces which put bodies in motion, or which 
maintain them either in motion, or in a state of rest or 
equilibrium. The great principles of motion are the 

netic and electric attractions? Define tenacity. What substance 
has the greatest ? How employed in bridges ? 
SO. De£ne Mechanics. VTbaX axe \)kioae «l^«ii\& e.'aSX'&d ^Vdcb. put 
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same every where, being applicable alike to solids, 
r I liquids and gases ; to the most conunon objects around 
1 1 us, and to the heavenly bodies. The science of Me- 
. I chanics, therefore, comprehends all that relates to the 
; I laws of motion ; to the forces by which motion is pro- 
I duced and maintained ; to the principles and construc- 
' tion of all machines ; and to the revolutions of the 
■ heavenly bodies. 

Section 1. — Of Motion in general, 

21. Motion is change of place from one point of 
space to another. It is distinguished into real and 
apparent ; absolute and relative ; uniform and variable. 
In reiU motion, the moving body itself actually- changes 
place ; in apparent motion, it is the spectator that 
changes place, but being unconscious of his own mo- 
tion, he refers it to objects without him. Thus, when 
we are riding rapidly by a row of trees, these seem 
to move in the opposite direction ; the shore appears 
to recede from the sailor as he rapidly puts to sea ; 
and the heavenly bodies have an apparent daily motion 
westward, in consequence of the spectator's turning 
with the earth on its axis to the east. Absolute mo- 
tion is a change of place from one point of space to 
another without reference to any other body : Relative 
motion is a change of position with respect to some 
I other body. Two bodies may both be in absolute mo- 
' tion, but if they do not change their position with 
respect to each other, they will have no relative mo- 
tion, or will be relatively at rest. The men on board 
a ship under sail, have all the same absolute motion, 

bodies in motion or keep them at rest ? How extensively do the great 
principles of motion prevail ? What does the science of mechanics 
eomprehend ? 

21. Define motion. Into what varieties is it distinguished? Ex- 
plain the difference between real and apparent motion. Give examples 
of apparent motion. Distinguish between absolute and relative mo- 
I tion. Ezainjole in the case of persons on boaid a «k\^^— m >^ ^"^^ 
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and so long^'as they are still, they have no other ; but 
whatever changes of place occur among themselves, 
give rise to relative motions. If two persons are 
travelling the same way, at the same rate, whether in 
company or not, they have no relative motion ; if one 
goes faster than the other, the latter has a relative 
motion backward equal to the difference of their rates ; 
and if they are travelling in opposite directions, their 
relative motion is equal to the sum of both their mo- 
tions. A body nioves with a uniform motion when it 
passes over equal spaces in equal times ; with a vari- 
able motion, when it passes over unequal spaces in 
equal times. If a man walks over just as many feet 
of ground the second minute as the first, and the third 
as the second, his motion is uniform ; but if he should 
walk thirty feet one minute, forty the next, and fifty 
the next, his motion would be variable. 

22. Force is any thing that moves, or tends to move a 
body. The strength of an animal exerted to draw a 
carriage, the impulse of a waterfall in turning a wheel, 
and the power of steam in moving a steamboat, are sev- 
erally examples of a force. A weight on one arm of 
a pair of steelyards, in equilibrium with a piece of 
merchandise, although it does not move, but only tends 
to move the body, is still a force, since it would pro- 
duce motion were it not counteracted by an equal force. 
The quantity of motion in a body is called its momen- 
turn. Two bodies of equal weight, as two cannon- 
balls, will evidently have twice as much motion as 
one ; nor would it make any difference if they were 
united in one mass, so as to form a single body of 
twice the weight of the separate balls ; the quantity of. 
motion would be doubled by doubling the mass, while 
the velocity remained the same. Again, a ball that 

of tra vellers ? When does a body move with uniform motion ? When 
with variable motion 7 Example. 
22. DeBne force. Examples. Wbat is momentum 7 Upon what 
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moves twice as fast as before, has twice the quantity 
of motion. Momentum therefore depends upon two 
things — the velocity and quantity of matter. A large 
body, as a ship, may have great momentum with a slow 
motion; a small body, as a cannon-ball, may have 
great momentum with a swift motion ; but where great 
quantity of matter (or mass) is united with great swift- 
ness, the momentiun is greatest of all. Thus, a train 
of cars on a railroad moves with prodigious momen- 
tum ; but the planets in their revolution around the sun, 
with a momentum inconceivably greater. 

23. To the eye of contemplation, the world presents 
a scene of boundless activity. On the surface of the 
earth, hardly any thing is quiescent. Every tree is 
waving, and every leaf trembling ; the rivers are run- 
ning to the sea, and the ocean itself is in a state of 
ceaseless agitation. The innumerable tribes of ani- 
mals are in almost constant motion, from the minutest 
insect to the largest quadruped. Amid the particles of 
matter, motions are unceasingly going forward, in as- 
tonishing variety, that are effecting all the chemical 
and physiological changes to which matter is constantly 
subjected. And if we contemplate the same subject 
on a larger scale, we see the earth itself, and all that 
it contains, turning with a steady and never ceasing 
motion around its own axis, wheeling also at a vastly 
swifter rate around the sun, and possibly accompany- 
ing the sun hhnself in a still grander circuit around 
some distant center. Hence, almost all the phenom- 
ena or effects which Natural Philosophy has to inves- 
tigate and explain are connected with motion and 
dependent on it. 

two things does it depend ? What union of circumstances produces 
great momentam 7 Example. 

23. What proofs oi activity do we see in nature ? Give examples 
in the vegetable kingdom — in the animal — among the particles of mat- 
ter—and among the heavenly bodies. Upon what are aloMMl ^\!(i^ 
pbenomcoui of Ifatuial Philoaophy depenaentt 
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Sec. 2. — Of the Laws of Motion, 

24. Nearly all the varieties of motion that fall with- 
in the province of Mechanical Philosophy, have been 
reduced to three great principles, called the Laws of 
Motion. We will consider them separately. 

First Law. — Every body will persevere in a state of 
rest, or of uniform motion in a straight line, until com" 
pelled hy some force to change its state. This law 
contains four separate propositions ; first, that, unless 
put in motion by some external force, a body always 
remains at rest ; secondly, that when once in motion 
it always continues so unless stopped by some force ; 
thirdly, that this motion is uniform ; and fourthly, that 
it is in a straight line. Thus, if I place a ball on a 
smooth sheet of ice, it will remain constantly at rest 
until some external force is applied, having no power 
to move itself. I now apply such force and roll it ; 
being set in motion, it would move on forever were 
there no impediments in the way. It will move uni- 
formly, passing over equal spaces in equal times, and 
it will move directly forward in a straight course, turn- 
ing neither to the right hand nor to the left. This 
property of matter to remain at rest unless something 
moves it, and to continue in motion unless something 
stops it, is called Inertia. Thus the inertia of a steam- 
boat opposes great resistance to its getting fully into 
motion ; but having once acquired its velocity, it con- 
tinues by its inertia to move onward after the engine is 
stopped, until the resistance of the water and other 
impediments destroy its motion. The planets continue 
to revolve around the sun for no other reason than 
this, that they were put in motion and meet with noth* 
ing to stop them. Whenever a horse harnessed to 8 
carriage starts suddenly forward, he breaks his traces 

24. To how many great principles have all the varieties of motio} 
ibeen reduced ? What are ihey called? State the first law. Enu 
jnerate the four proposilioxis conxamed. mX\)Aa \a.^ . ^m&.^\A. "Wba 
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because tlie inertia of the carriage prevents the sudden 

motion being instantly propagated through its mass, 
« and the force of the horse being all expended on the 
.^traces, breaks them. On the other hand, if a horse 
. suddenly stops, when on a run, the rider is thrown 

over his head ; for having acquired the full motion of 
.c.tbe horse, he does not instantly lose it, but, on ac- 
• count of his inertia, continues to move forward after 
•the force that put him in motion is withdrawn. This 

principle is pleasingly illus- 
trated in what is called the 

doubling of the hare. A hare 

closely pursued by a grey- 
hound, starts from A and when 

lie arrives at C, the dog is 

hard upon him ; but the hare 
\ being a lighter animal than 

the dog, and having of course 

less inertia, turns short at C 

and again at E, while the 

dog cannot stop so suddenly, but goes farther round 

at D and also F, and thus the hare outruns him. 

Put a card of paste board across a couple. of wine 

glasses, and two six- p|g 4^ 

pences directly over 

the glasses, «8 in the 

figure ; then strike the 

edge of the card at A 

a smart blow, and the 

card will slip off and 

leave the money in the 

glasses. The coins, on account of their inertia, do 

not instantly receive the motion communicated to 

the card. If the blow, however, be gentle, all will 

go off together. 

is faieitia? Example in a steam-boat— in the p\ane\a— m ^ YiCTSft^ — 
in thedojihliayg^ii bare—^and in the card and com. 
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25. The first law of motion also asserts, that 
moving bodies have a tendency to move in strai^ 
lines. We see, indeed, but few examples of .sU 
motions either in nature or art. If we throw a b 
upwards, it rises and falls in a curve ; water spouti 
into the air does the same ; rivers usually run a 
trees wave in curves ; and the heavenly bodies i 
volve in apparent circles. Still, when we attentive 
examine each of these cases, and every other case 
motion in curves, we find one or more forces ope: 
ting to cause the body to deviate from 
*^' * straight line. When such cause of c 
|]i]i.i'.|.|ijii||hiiiiniiiiii'ii viation is removed, the body imme 
ately resumes its progress in a strai§ 
line. This effort of bodies, when m< 
ing in curves, to proceed directly f 
wards in a straight line, is called t 
Centrifugal Force. If we turn a grir 
stone, the lower part of which dips ii 
water, as the velocity increases t 
water is thrown off from the rim 
straight lines which touch the rim a 
are therefore called tangents* to it ; a 
it is a general principle, that when bodi 
free to move, revolve in curves abou 
centre, they have X constant tendency 
L fiy off in straight lines, which are U 
gents to the curves. We see this prin 
pie exemplified in giving a rotary n 
* tion to a pail or bason of water. T 

liquid first rises on the sides of the vessel, and if i 
rapidity of revolution be increased, it escapes fn 

*A line is mid to be a ttngcBt to a curve, when it touches the cu 
but dues not cut it. 

i ' ' . ■ ■ I 1 I' III 

25. Are the motions observed in the natural world, usually ] 

formed in straight or in curved lines 1 Why then is it said that boc 

naturally move in stTaig\it \mes1 '^V^ \& ^bi^^ ^^<c^'(X. \a oMin 
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the top in straight lines which are tangents to the rim 
of the vessel. If we pass a cord through a staple in 
the ceiling of a room, and bringing down the two 
ends, attach them to the ears of a pail containing a 
little water, (sus])ending the vessel a few feet above 
the floor,) and then, applying the palms of the hands 
to the opposite sides of the pail, give it a steady rotary 
motion, the water will first rise on the sides of the 
vessel and finally be projected from the rim in tan- 
gents. The experiment is more striking if we suffer 
the cord to untwist itself freely, after having been 
twisted in the preceding process. 

26. Second Law. Motion, or change of motiony 
is proportioned to the force impressed, and is produced 
in the line of direction in which that force acts. First, 
the quantity of motion, or momentum, is proportioned 
to the force applied. A double blow produces a 
double velocity upon a given mass, or the same velo- 
city upon twice the mass. Two horses applied with 
«qual advantage to a load, will draw twice the load 
of one horse. It follows also from this law, that every 
force applied to a body, however small that force may 
be, produces some motion. A stone falling on the 
earth moves it. This may seem incredible ; but if 
ve suppose the earth divided into exceedingly small 
])arts, each weighing only a pound for example, then 
we may readily conceive how the falling stone would 
pat it in motion. Now the effect is not lost by being 
expended on the whole earth at once ; the momen- 
tom produced is the same in both cases ; but in pro- 
portion as the quantity of matter is increased the 
velocity is diminished, and it would be as much less 

itreight lines called? Example in a grindstone — in a suspended 
Teasel of water. 

26. What is the second law of motion? Show that the quantity 
of iDotion is proportioned to the force applied. Explain how the 
'i force produces some motion. 
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as the weight of the whole earth exceeds one ponni 
It would therefore be inappreciable to the senses, but 
still capable of being expressed by a fraction, and 
therefore a real quantity. "A continual dropping 
wears away stone." Each drop, therefore, must con- 
tribute something to the eiSfect, although too small to 
be perceived by itself. 

27. Secondly, motion is produced in the line of 
direction in which the force is applied. If I lay t 
ball on the table and snap it with my thumb and finger, 
it moves in different directions according as I change 
the direction of the impulse ; and this is conformable 
to all experience. A single force moves a body in 
its own direction, but two forces acting on a body at 
the same time, move it in a line that is intermediate 
between the two. Thus, if I place a small ball, as a 
marble, on the table, and at the same moment snap it 
with the thumb and finger of each hand, it will not 
move in the direction of either impulse but in a line 
between the two. A more precise consideration of 
this case has led to the following important law : 

If a body is impelled by two forces which may be f»- 
presented in quantity and direction by the two sides ef 
a parallelogram^ it will describe the diagonal in the sam$ 
time in which it would have described each of the sides 
separately f by the force acting parallel to that side. 

Thus, suppose the parallelogram A B C D, repre- 
sents a table, of which the side A B is just twice the 
length of A D. I now place the ball on the comer A, 
and nail a steel spring (like a piece of watch spring) 
to each side of the comer, so that when bent back it 
may be spmng upon the ball, and move it parallel to 
the edge of the table. I first spring each force sep- 
arately, bending back that which acts parallel to the 

27. Show that motion is in the line of direction of the force. 
How does a single force move a body ? How do two forces more it? 
Recite the law represented in figaie 6, and explain the figure. 
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28. If I take a triansaiar ^Komchaaeai ^i^ : 
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I to the thiee sides of l^ 
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A kite is seen to rest in the air «■ «^ y 
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hich would carry it towards Ae caitn, ifat #f t 
ring, and that of the wind, wkidi sevenlf s 
e three directions of the.,.sides of a. ' 

38. What ia the effect of thzee ibroes, 
ection by the three sides of s tziangle? 
fy this pxinciide 7 Is liie pnae^ie 
4 
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Fig. 7. 



neutralize each other. Nor is the principle confines 
to three directions merely, but holds good for a poly 
gon of any number of sides. For example, a bod] 
situated at A, and acted upon by five forces repw 

sented in quantit] 
and directicm b; 
the five sides o 
the polygon (Pig 
7,) would remai: 
at rest. If the foi 
ces were only foui 
corresponding t 
all the sides of th 
figure except th 
last, EA, then th 
Dbody would d< 
scribe this side i 
the same time i 
which it would di 
scribe each of the sides by the forces acting sepi 
rately. 

29. Simple motion is that produced by one force 
compound motion, that produced by the joint action < 
several forces. Strictly speaking, we never witnei 
an example of simple motion ; for when a ball i 
struck by a single impulse, although the motion : 
simple relatively to surrounding bodies, yet the ba 
is at the same time revolving with the earth on i 
axis and around the sun, and subject perhaps to inni 
merable other motions. Although all bodies on tl 
earth are acted on at the same moment by many fo 
ces, and therefore it is difficult or even impossible 
tell what is the line each describes in space und 




Case of a polygon of five sides ? 
r will the body move ? 



Where only four forces are f 
plied, how will the body move ? 

29. What is simple, and what compound motion? Do we e^ 
witness simple motiomi in naXutel 'Eiiaxn^'^. Whea a force 
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their joint action, yet each individual force produces 
precisely the same change of direction in the body 
as though it were to act alone. If it acts in the same 
direction in which the body is moving, it will add its 
own amount ; if in the opposite direction, it will sub- 
tract it ; if sideways, it will turn the body just as far 
to the right or left in a given time, as it would have 
done had it been applied to the body at rest. Thus, if 
while a body is p. g 

moving from Ac D 

to B, (Fig. 8,) it 
be struck by a 
force in the di- 
rection of AC, it 
will reach the 
line CD, in the^ 
same time in A B 

which it would have done had it been subject to no 
other force. It will, however, reach that line in the 
point D instead of C. When a man walks the deck 
of a ship under sail, his motions are precisely the 
same with respect to the other objects on board, as 
though the ship were at rest ; but the line which he 
actually describes under the two forces is very dif- 
ferent. 

30. Instances of this diagonal motion are con- 
stantly presented to our notice. In crossing a river, 
the boat moves under the united impulses of the oars 
and the current, and describes the diagonal whose 
•ides are proportional to the two forces respectively. 
Equestrians sometimes exhibit feats of horsemanship 
by leaping upwards from the horse while running, and 
recovering their position again. They have, in fact, 

applied to a body in motion, what is the effect? Explain from Fig. 
8. Case of a man walking the deck of a ship. 

30. Examples of diagonal motion. A boat crossia^ «l iWei—'^^«'&- 
tiiaiM — Two men ia b boat tOBsing a ball— Romng. 
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only to rise and fall as they would do were the horse 
at rest ; for the forward motion which the rider re- 
tains by his inertia, during the short interval of his 
ascent and descent, carries him onward, so that he 
rises in one diagonal and falls in another. Two men 
sitting on opposite sides of a boat in rapid motion, will 
toss a ball to each other in the same manner as though 
the boat were at rest ; but the actual movement of the 
ball will be diagonal. Rowing, itself, exemplifies the 
same principle ; for while one oar would turn the 
boat to the left and the other to the right, it actually 
moves ahead in the diagonal between the two direc- 
tions. 

31. When, of two motions impressed upon a body, 
one is the uniform motion which results from an im- 
pulse, and the other is produced by a force which acts 
continually, the path described is a curve. Thus, 
when we shoot an arrow into the air, the impulse given 
by the string tends to carry it forward uniformly in a 
straight line ; but gravity draws it continually away 
from that line, and makes it describe a curve. In 
the same manner the planets are continually drawn 
away from the straight lines in which they tend to 
move, by the attraction of the sun, and are made to 
describe curved orbits about that body. 

32. Third Law. When bodies act on each other, 
action and reaction are equal, and in opposite directions. 
The meaning of this law is, that when a body imparts 
a motion in any direction, it loses an equal quantity 
of its own — that no body loses motion except by im- 
parting an equal amount to other bodies — that when a 
body receives a blow it gives to the striking body an 
equal blow — that when one body presses on another it 
receives from it an equal pressure — that when one body 

31. Under what two forces will a body descnbe a curve ? Exam- 
pies — ^An arrow — ^The planets. 

32. Give the third law of motion. Explain its meaning. Exam- 
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attracts or repels another, it is equally attracted or re- 
pelled by the other. If .a steam-boat should run upon 
a sloop sailing in the same direction with a slower 
motion, it might drive it headlong without experien- 
cing any great shock itself; still its own loss of motion 
would be just equal to that which it imparted to the 
sloop, but being distributed over a quantity of matter 
so much greater, the loss might be scarcely percep- 
tible. If a light body, as the wad of a cannon, were 
fired into the air, it would be stopped by the resistance 
of the air ; but its own motion would be lost only as it 
imparted the same amount to t)fe air, and thus might 
be sufficient, on account of the lightness of air, to set 
a large volume in motion. When the boxer strikes his 
adversary, he receives an equal blow from the reaction 
of the part struck ; but receiving it on a part of less sen- 
sibility, he is less injured by it than his adversary by 
the blow inflicted on him. One who falls from an 
eminence on a bed of down, receives in return a resist- 
ance equal to the force of the fall, as truly as one who 
falls on a solid rock ; but, on account of the elasticity 
of the bed, the resistance is received graduaJly, and is 
therefore distributed more uniformly over the system* 
A boatman presses against the sbore^ the reaction of 
which sends the boat in the opposite direction. He 
strikes the water with his oar backwards, and th« 
boat moves forwards. The fish beats the water with 
his tail, first on one side and then on the olh^r, and 
moves forward in the diagonal between the two r^a^ 
tions. The bird beats the air with her wings« and tlie 
resistance carries her forward in the opposite direc* 
tion. All auractions likewise are mutuaL The Inm 
attracts the magnet just as much as the maipnet uUrttiAu 
the iron. The earth attracts the sun just as much as 
the sun attracts the earth. In all these cav;s the /ik/* 



2des of asteam4io«t niii]iiji^a|KmakkiCH>— a irwl^M/) tKU#Mi*-.«ii % 
tmer—^Bihng upon m iieaiber ltd — ai mtSttA— a Uii6--'MAi«*AMnA. 
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mentum or quantity of motion in the smaller and the 
larger body, is the same. Thus, when a small boat 
is drawn by a rope towards a large ship, the ship 
moves towards the boat as well as the boat towards the 
ship, and with the same momentum ; but the space 
over which the ship moves is as much less than that 
of the boat, as its quantity of matter is greater. It 
makes no difference whether the boat is drawn to- 
wards the ship by a man standing in the boat and pull- 
ing at a rope fastened to the ship, or by a man stand- 
ing in the ship and pulling by a rope fastened to the 
boat. A fisherman once fancied he could manufacture 

a breeze for himself 
^^'^' by moupting a pair 

of huge bellows in 
the stern of his boat, 
and directing the 
blast upon the sail. 
But he was surprised 
to find that it had no 
effect on the motion 
of the boat. We see 
that the reaction of 
the blast would tend 
to carry the boat 
backwards just as much as its direct action tended to 
carry the boat forwards. 

33. Falling bodies. When a body falls freely 
towards the earth from some point above it, it falls con- 
tinually faster and faster the longer it is in falling. Its 
motion therefore is said to be uniformly accelercUed. 
All bodies, moreover, light and heavy, would fal) 
equally fast were it not for the resistance of the air 
which buoys up the lighter body more than it does the 

Compare the momentum of a small boat with that of a large ship whei 

drawn together. Case of a man who put a pair of bellows to his boat 

33. When ia the moUon of a body said to be uniformly a'^^elerated 
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heavier ; but in a space free from air, or a vacuum, 
a feather falls just as fast as a guinea. If a boy knocks 
a ball with a bat on smooth ice, it will move on uni- 
formly by the impulse it has received ; but if several 
other boys strike it successively the same way, its 
velocity is continually increased. Now gravity is a 
force which acts incessantly on falling bodies, and 
therefore constantly increases their speed. If I as- 
cend a high tower and let a ball fall from my hand 
to the ground, it will fall 16y^ feet in one second, 64^ 
in two seconds, and 257^ in four seconds ; that is, a 
body will fall four times as far in two seconds as in 
one, and sixteen times as far in four seconds as in 
one. Now Ibur is the square of two, and sixteen is 
the square of four ; so that the spaces described by a 
falling body are proportioned, not simply to the times 
of falling, but to the squares of the times ; so that a 
body falls in ten seconds not merely ten times as far 
as in one second, but the square of ten, or a hundred 
times as far. 

34. Hence, when bodies fall towards the earth from 
a great height, they finally acquire prodigious speed. 
A man falling from a balloon half a mile high, would 
reach the earth in about half a minute. We seldom 
see bodies falling from a great height perpendicularly 
to the earth ; but even in rolling down inclined planes, 
as a rock descending a steep mountain, or a rail car 
breaking loose from the summit of an inclined plane, 
we see strikingly exemplified the nature of accele- 
rated motion. A log descending by a long wooden 
trough down a steep hill, has been known to acquire 
momentum enough to cut in two a tree of considerable 

How would a guinea and a feather fall in a vacuum? Case of a ball 
knocked on ice. How much farther will a body fall in two seconds 
than in one ? How are the spaces of falling bodies proportioned to the 
times of falling? 

34. In what time would a man fall from a balloon half a mile high 7 
Where do we see the rapid acceleration of falling bodies exeiav'^*^^'^ 
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size, which it met on leaping from the trough. At a- 
great distance from the earth, the force of gravity be- 
comes sensibly diminished, so that if we could ascend 
in a balloon four thousand miles above the earth, that 
is, twice as far from the center of the eattb as it is 
from the center to the surface, the force of attraction 
would be only one fourth of what it is at the surface of 
the earth, and a body instead of falling 16 feet in a 
second would fall only 4 feet. At ten times the distance 
of the radius of the earth, the force of gravity would 
be only one hundredth part of what it is at the earth. 
This fact is expressed by saying, that the force ef 
gravity is irvcersdy as the square of the distance from 
the center of the earthy diminishing in the same propor- 
tion as the square of the distance increases. As the 
moon is about sixty times as far from the center of the 
earth as the surface of the earth is from the center, if 
1 body were let fail to the earth from such a distance, 
(the force of gravity being the square of 60, or 3600 
times less than it is at the earth,) the body would be- 
gin to fall very slowly, moving the first second only 
3ie twentieth part of an inch. Were a body to fall to- 
wards the earth from the greatest possible distance, 
the velocity it would acquire would never exceed 
about 7 miles in a second ; and were it thrown up- 
ward with a velocity of 7 miles per second, it would 
never return. This, however, would imply a velocity 
equal to about twenty times the greatest speed of a 
cannon ball. 

35. When a body is thrown directly upwards, its as- 
cent is retarded in the same manner as its descent is 
accelerated in falling ; and it will rise to the height 

Case of a tree leaping from a trough. How is the force of gravity 
■great distances from the earth? How, 4000 miles off? How, at tl 
-distance of the moon ? State the law by which gravity decrease 
"What velocity would a body acquire by falling from the greatest pc 
»ible distance ? How far would it g© li^ thrown upward with a veloci 
^f 7 milea pet aecoodl 
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Fig-ia 



bicb it woold hare fallen in order to acquire tbe 
Y with which it is thrown upwards. 
Vibrator Y Motios. Yibratoiy modon is that 
is alternately backwards and forwards, like the 
of the pendulum of a clock, 
lulum performs its ribrations 
1 times, whether they are long^ 
t. Thus, if we suspend two 
by strings of exactly equal 
s, and make one vibrate over a 
irc and the other over a large 
sy will keep pace with each 
learly as well as when their 
( of vibration are equaL Long 
nms vibrate slower than short 
>ut not as much slower as the 
is greater. A pendulum, to 
seconds, must be four times 
\ as to vibrate half seconds ; 
-ate once in . ten seconds it 
e a hundred times as long as 
ate in one second, the com- 
e slowness being proportional 
square of the length. The motion of a pendu- 
caused by gravity. If we draw a pendulum out 
losition when at rest, and then let it fall, it will 
d again to the lowest point, but will not stop 
for the velocity which it acquires in falling wiU 
icient, on account of its inertia, to carry it to the 
height on the other side, (Art. 35.) whence it 
turn again and repeat the same process ; and 
ere it not for the resistance of the air, and the 



♦ 



lieii a body is thrown upwards, in what manner is it retarded 7 
fh will it rise ? 

efine vibratory motion. How are the times of vibration of a 
n ? Example. How much longer is a pendulum lbaX'nVff%&»& 
, thao one that vibrates half seconds 1 Hovr mxicVi W^x Xft 
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friction at the center of motion, the Tibration would 
continue indefinitely. 

37. It is the equality in the vibrations of a pendu- 
lum, which is the foundation of its use in measuring 
time. Time may be measured by any thing which di- 
vides duration into equal portions, as the pulsations of 
the wrist, or the period occupied by a portion of sand 
in running from one vessel to another, as in the hour- 
glass ; but the pendulum can be made of such a length 
as to divide duration into seconds, an exact aliquot 
part of a day, and is therefore peculiarly useful for this 
purpose. Since, also, the pendulum which vibrates 
seconds at any given place, is always of the s^me in- 
variable length, it forms the best standard of measures 
by which all others used by society can be adjusted 
and verified. 

38. Projectile Motion. A body projected into 
the atmosphere, rises and falls in a curve line, as 
when a stone is thrown, or an arrow shot, or a can- 
non ball fired. The body itself is called a projectile, 
the curve it describes, the path of the projectile, and 
the horizontal distance between the points of ascent 
and descent, the range. When an arrow is shot, the 
impulse, if it were the only force concerned, would 
carry it forward uniformly in a straight line ; but the 
gravity continually bends its course towards the earth 
and makes it describe a curve. An arrow, (or any 
missile,) will have the greatest range when shot at aa 
angle of 45® with the horizon ; and the range will 
be the same at any elevation above 45® as at the 
same number of degrees below 45®. A cannon 
»— ■ ig 

vibrate in 10 seconds than in 1 ? What causes the motion of apend 
lum ? Why does it not vibrate forever ? 

37. On what property of the pendulum is its use for measuring timi 
What other modes are there ? Why is the pendulum letter than oth 
modes ? On what principle does it became a standard of measures ' 

38. When is a boay called a projectile ? What is the curve describ 
called 7 The horizontal diatance 1 M -wXi'aX «xv^e q>1 «\&^«Xioii mv 
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%hot at an elevatioa of 60^ will £ifl at Am 
! distance from the gun zm when sbot aa a0|^ of 
O**. Thus, in the annexed diagram, a ayp la 

Fig.lL 




on from a fort, aa abe ia zUempimg to paaa H. 

ball fired at an eleratioD of 4d% ia tlie only <m$ 

reaches the ship : the others lall fhofty aid tbtgOMUy 

I aimed above and beloir 45^. ' 

. If a cannon ball were fired honaMHatlf fuMi 

op of a tower, in the directioa of P B, lie i 

d depend on the 

gtb of the charge. 

I an ordinary charge, 

raid descend in the 

5 P D ; with a strong- 

large, it would more 

er to the horizontaL 

and descend in P E.j 

may conceire ci the 

i being sufficient to^ 

jT the ball qmte clear 

e earth, and make it 

Ive aroond it in the 



row be thtott, to hare the g^eatta/i tMmat 1 hX w^ia Vwo wh^m^ 
Ae nageg be eqoML """^ 

Etpiaia Jjjgtae J2. 
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Sec. 3. — Of the Center of Gravity, 

40. The center of gravity of a body is a certai 
point about which all parts of the body balance eac! 
other, so that when that point is supported, the whol 
body is supported. If across a perpendicular support 

Fig. 13. as G, (Fig. IS,) I lay a wire 

^ having a ball at each end, B C 

B^^ Z[ there is one point in the wire 

6 and only one, upon which thi 

balls will balance each other. This point is th« 
center of gravity of all the matter contained in th( 
wire and both balls. It is as much nearer the largei 
B, as the weight of this exceeds that of C. When tw( 
boys balance one another at the ends of a rail, th< 
lighter boy will require his part of the rail to be ai 
much longer as his weight is less. The center a 
gravity of a regular solid, as a cube, or a sphere, lie( 
in the center of the body, when the structure of th< 
body is uniform throughout ; but when one side i 
heavier than another, the center of gravity lies towarc* 
the heavier side. 

41. The line of direction is a line drawn from t 
center of gravity of a body perpendicularly to t 



Fig. 14. 



Fig. 15. 





F F 

horizon. Thus, G F, (Fig. 1 4 or 15,) is the lini 
rection. When the line of direction falls wit ' 
40. Define the center o{ nwvity. Explain Figure 13. 



41. Explain Figure 14. 
£gare situated ? 



Vieie \» \)iift ccTsXw ol ^raN\\:5 o 
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e, (as in Fig. 14,) or part of the body on which it 
ts, the body will stand ; when this line falls without 
base, (as in Fig. 15,) the body will fall. At Pisa, 
[taly, is a cele- 

ted tower, called ^^•^^• 

leaning tower. It 
ids finn,although 
K>k8 as though it 
lid fall every mo- 
lt; and being ve- 
igh, a view from 
top is very exci- 
• Yet there is no 
^er of its falling, 
uise the line of 
ction is far with- 
lebase. Toef- 
this, the lower 
; of the tower is 
le broader than 
upper parts, and 
eavier materials. 
ise two precautions carry the center of gravity low. 
ictures in the form of a pyramid, as the Egyptian 
unids, have great firmness, because the line of di- 
ion passes so far within the base. 
2. If we stick a couple of pon- 
tes in a small bit of wood, and poise 
n on the finger, or adjust them 
hat the center of gravity will fall in 
line of a perpendicular pin, the 
It of the wood will rest firmly on 
head of the pin, so that the knives 
' be made to vibrate on it up and 
n, or to revolve around it, with- 




Fi«.17. 




ifine the line of direction. 
ue pjraauds so £im ? 



Explain Fig. 16, Ttm^i d "^Sm^ 
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out falling off. A loaded ship is not easily over- 
turned, because the center of gravity is so low, that 
the line of direction can hardly be made to fall widk* 
out the base ; but a cart loaded with hay or bales ol 
cotton is, on the other hand, easily upset, because 
ihe center of gravity is so high. A stage coack 
carrying passengers or baggage on the top, is mud 
more liable to upset than it is when the load is all oi 
a level with the wheels. A round ball, howeTeo 



Fig. 18. 



large, will rest firmly on 
a very narrow base, be- 
cause the center of grav- 
ity (which is in the cen- 
ter of the ball) is always 
directly over the point of 
support; and, according 
to the definition, when 
this is supported, the bo- 
dy is supported. In the 
annexed diagram, a hea- 
vy ball, connected with 
the figure, bends under 
the table, and thus brings 
the center of gravity of 
the whole within the base, 
so that the animal rests firmly on his hind legs. 

43. Animals with four legs walk sooner and moP 
firmly than those with only two, because the line o 
direction is so much more easily kept within th 
base. Hence, children creep before they walk, an 
the art of walking, and even of standing firmly, n 
quires so nice an adjustment of the center of gravity 
(which must always be kept over the narrow has 

42. Explain Fig. 18. Why is not a loaded ship easily overturned 
A cart loaded with hay — a stage coach — a round ball ? 

43. Why do four legged animals walk sooner than two leggei 
Why do children creep befoie they walk ? 
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vithin the feet,) that it is learned only after much ex- 
)erience. Children at school, also, are sometimes di- 
ected to turn out their toes when they walk, and to 
extend one foot from the other in taking a position to 
»peak, because such attitudes, allowing a broader 
)ase for the line of direction, appear more firm and 
lignified. 

44. A boy promised another a cent, if he would 
pick it up from the floor, standing with his heels close 
against the wall. But in attempting to pick it up, 
be pitched upon his face. Performances on the slack 
rope, which often exhibit astonishing dexterity, depend 
upon a skillful adjustment of the center of gravity. 
The process is sometimes aided by holding in the 
hand a short stick loaded with lead, which is so flour- 
ished on one side or the other, as always to keep the 
center of gravity over the narrow base. Among the 
ancients, elephants were sometimes trained to walk a 
tight rope ; a feat which was extremely difficult on 
account of the great height of the animal. 

45. Bodies subject to no other forces than their 
mutual attraction, and in a situation to approach each 
other freely, will meet in their common center of 
gravity. If the earth and moon were left to obey fully 
their attraction for each other, they would immediate- 
ly begin to approach each other in a direct line, mov- 
ing slowly at first, but swifter and swifter, until they 
would meet in their common center of gravity, which 
would have its situation as much nearer to the earth 
as the weight of the earth is greater than that of 
the moon. So all the planets and the sun, if aban- 
doned to their mutual attraction, would rush together 
to a common point, which on account of the vast 
quantity of matter in the sun, lies within that body. 

44. Case of picking up the cent. Performances on the slack rope 
by men, and even by elephants, explained. 

45. Where^ will bodies ineet bj their mutual attraction 1 1&xQxa:s^e» 
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Indeed, were till the bodies in the universe abandon- 
ed to their mutual attraction, they would meet in theii 
common center of gravity. 

Section 4. — Of the Principles of Machinery* 

46. The elements of all machines are found among 
the Mechanical Powers^ which are six in number — ^the 
Lever, the Wheel and Axle, the Pulley, the Screw, 
the Inclined Plane, and the Wedge. That which 
gives motion is called the power ; that which receives 
it, the weight. The first inquiry is, what power, in 
the given case, is required just to balance the weight 
Any increase of power beyond this, would of course 
put the weight in motion. It is a general principle in 
Machines, that the power balances the weight when it 
has just as much momentum. Now we may give a 
small power as much momentum as a great weight, by 
making it move over as much greater space in the 
same time^ as its quantity of matter is less. One 
ounce may balance a thousand ounces, if the two be 
connected together in such a way that the smaller 
mass, when they are put in motion, moves a thousand 
times as fast as the larger. If the momentum of the 
power be increased beyond that of the weight, as may 
be done by increasing its quantity of matter, then it 
will overcome the weight and make it move with any 
required velocity. Whatever structure connects the 
power and the weight is a machine. 

47, The Lever. Figure 1 9 represents a lever of the 
simplest kind, where P is the power y W the weighty and 

in the moon and earth, and all the bodies of the solar system — finally, 
all the bodies in the universe. 

46. What are the elements of all Machines ? Enumerate the sis 
Mechanical powers. Distinguish between the power and the weight 1 
What is the first inquiry respecting the power ? What is a general 
principle in Machines, respecting momerUum ? How may we give 
a small power as much momentum as a great weight ? How may one 
ounce balance a thousand ? What happens when the momentum ol 
the power is increased beyond tYial ot Uve N7«\&Vvt 1 What does an) 
structure that connects the power and t\\6 vteVgciX.V^^^xcA'X 
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3 fulcrum, or point of support. Now P will just 

ce W when its weight 

much less as its dis- ^^' ^^' 



n 



'■ from the fulcrum is p g ^ 

er. For example, if it 
ree times as far from 
derum as W, then one 

1 will balance three ; three pounds will balance 
; and, universally, in an equilibrium, the povoer 
plied into its distance from the fulcrum, will equal 
eight multiplied into its distance. In the present 
where the longer arm of the lever is three times 
ength of the shorter, a power of ten pounds will 
ce a weight of thirty. 



Fig. 20. 




This principle is exemplified in a common pair 
el-yards. The same power (P) is made to bal- 

diflferent weights of merchandize, (W) by at- 
ig W to the shorter and P to the longer arm, and 
ig P in a notch that is as much farther from the 

Explain Fig. 19. State the general principle of the equilibri- 
the lever. Examples. 

Explain the principle of Steelyards ? How is the same 
QOAde to balance different weights ( Explain the diS«i«t)A^ \a> 
5* 
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fulcrum as its weight is less than that of the merchan- 
dize, W. Steelyards have commonly a smaller and 
a larger side ; ihe former being ounce, and the latter 
quarter-pound notches. On examining such a pair of 
steelyards, it will be seen that the hook to which the 
merchandize is attached, is four times as far from the 
falcrum, when we weigh on the small, as when we 
weigh on the large side. Hence, we have to move 
the counterpoise over four notches on this side to gain 
as much power as we ^in in one notch on the other. 
The spaces over which the power and weight move 
respectively, are in the same proportion. Thus, when 
the counterpoise is made to balance a weight ten 
times as large as itself, it will be seen, by making the 
arm of the steelyards vibrate up and down, that the 
counterpoise moves ten times further in the same time, 
than the weight does, and of course with ten times the 
velocity. Hence the momentum of the power and the 
weight are the same. A crow-bar illustrates the same 
principle, when a man lifts a weight much heavier 
than the amount of force he applies, by making that 
force act at the longer end of the lever. A pair of 
shears is formed of two such levers combined ; and 
the nearer we bring the article to be cut to the ful- 
crum, the greater is ihe mechanical advantage gained. 
Two boys differing in size, moving each other at the 
end of a pole laid across the fence, exemplify the sam^ 
principle. 

49. In the foregoing cases the weight and the pc 
er are on opposite sides of the fulcrum, and it is cal 
a lever of the first kind. When the power i 
weight are on the same side of the fulcrum, but 
weight nearer to it than the power, it is a lever of 

tween the smaller and the larger side. Show that the mcmieni 
the counterpoise and weight are equal. Examples in a crowba 
pair of shears — bojrs on a rail. 
49, Distinguish between \even ofthe^nt^ second and third ki 
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teamd kind, as in the fol- ^ ^- 21 

lowing figure. The me 
ehuiical advantage gained* 
here is the same as in the 
first, for the power moves 
as much faster than the 
WBight as it is more dis- 
tant from the fulcrum. — ai 
When the power and weight are both on the same 
side of the fulcrum, but the power nearer to it than 
the weight, it constitutes a lever of the third kind, as 
in figure 22. A door mo- 
ving on its hinges is a J: ^' 
weight, the matter of jt ^^^/^ 
which, for our prpgftTit ▼ T^ 
purpose, may be consider- ^ 1 
ed as all collected in the A 
center of gravity, which, w 
on account of the regular figure of the door, is the center 
of the door ; and the efifecls of any force applied to a 
body are the same as though all the matter was concen- 
trated in the center of gravity, and the force was applied 
to that point. Now if, in shutting the door, I place 
my hand on the edge, this point being farther from the 
fulcrum than the center of gravity, I gain a mechan- 
ical advantage, because the power moves faster than 
the weight ; but if I apply my hand nearer the ful- 
crum than the center of gravity, then the power moves 
slower than the weight, and operates under a mechan- 
ical disadvantage; and as I approach nearer and 
nearer to the hinges, the door is shut with greater and 
greater difficulty. In the former case, the door exem- 
plifies the principle of a lever of the second kind ; in 
the latter, of the third. Suppose a ladder to lie on the 
ground, and it is required to raise it on one end by 

How may a door, in shutting, be either of the second or third kind 7 
Example in a ladder. 
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taking hold of one of the rounds. If I take hold of 
the lowest round, it will require a great effort to raise 
it, especially if the ladder is long. This effort will 
be less and less, until I come to the middle round, 
where I should neither gain nor lose any mechanical 
advantage, but should lift the ladder like any other 
body of the same weight, if raised directly from the 
ground by a string. If I apply my hand to any round 
beyond the middle, towards the farther end, I gain a 
mechanical advantage, and the greater as I approach 
nearer to the end of the ladder. We shall leave it to 
the ingenuity of the pupil to account for these several 
cases. 

Fig. 23. 




50. The Wheel and Axle.— The figure repre- 
sents a wheel, A N O, and axis, L M, where a small 
power, to, balances a greater weight, W. The powei 
required to balance the weight is as much less than 
the weight as the diameter of the axle is less than that 
of the wheel. The wheel and axle has a great analo- 
gy to the lever, and is indeed little more than a re- 
volving lever. For if the power were applied to th€ 

50. Explain Figure 23. How much less is the power than thi 
weight? Show the analogy between the wheel and thelever. Ezplak 
Figure 24. 



:3Ek.Jk. 




ude. Loifei 

er Ham mbaI «kx. 'KjisiBft tn^ jh**^ ^smy^^jM^ 
to rijpdlifr veibac^ iiiic vt^ JiM ^ Jt^^JMifs^t 
> and ice ikb »e q»nip*i ifafC ji •:Si^ oara^r » .itili^ 
passing a lHaid«Kr^jsr^vi«s<t::^dK: 31^ v^ili it 
dy mockMi, ««e ■»- <i»^^ taac flftrUM, 5i|r 1^ 
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vheel of a lathe, and the smaller wheel will revolTe 
as much faster than the larger as its diameter is less. 
Now by using small wheels of different diameters on 
the lathe, we may increase or diminish the velocity 
at pleasure. The same principle is illustrated in a 
common spinning wheel, and in machinery for spin- 
ning cotton. 

52. In clock-work^ there is usually a combination of 
a number of wheels, where one wheel is connected 
to the axis of another by a small wheel fastened to the 
axis, called a pinion. Thus, the three wheels, A, B, 

Fig. 25. 




C, are connected. The power is applied to the wheel 
A on whose axis in the pinion a, the teeth of which 
(or leaves, as they are called) catch into the teeth of 
B, whose pinion b in like manner turns the wheel C 
Here the motion of each succeeding wheel is less 
than the preceding ; for if the pinion a have 10 leaves, 
and the wheel B 100 teeth, the pinion in turning once 
would catch but ten teeth of the wheel, and must there- 
fore turn ten times to turn B once. If the pinion fthtf ] 

ting Telocity. How exemplified in a turner's lathe ? In a common ipm- 
ning wheel. 
62. Explain the use of wheels in clock-work. Explain Fig. 21^ 
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also 10 leaves, and the wheel C 100 teeth, then C 
turns ten times as slow as B and a hundred times as 
slow as A. By altering the proportions between the 
number of teeth in the wheel and leaves in the pinion, 
we may alter the velocity of a wheel at pleasure ; 
and this is the way in which wheels are made to move 
faster or slower, at any required rate, in clocks and 
watches. If we apply the power at the other end and 
let the wheel C act on the pinion b, and the wheel B 
on the pinion a, then B will turn ten times as fast as 
C, and A ten times as fast as B, and a hundred times 
as fast as C ; so that, when the wheels carry the pin- 
ions, the velocity is increased; but when the pinions 
carry the wheels, it is diminished. 

53. The Pulley. A pulley is a grooved wheel, 
around which a rope is passed, and is either fixed or 
movable. Figure 26 represents & fixed pulley; and 



Fig. 26. 



Fig. 27. 




i 




Sikowhow the motion is accelerated in one direction and retarded in 
tl» other. How may we alter the velocity of a -wV^eeV a\^\e,w^^«»^ 
y^i Ml De&iethe PaUey, Name the two kinds. 'WVvjeXSa ^<& ^« ^ 
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here no mechanical advantage is gained, since the 
power moves just as fast as the weight, and we mmrt 
remember that it is only when the power moves faster 
than the weight, that any mechanical advantage is 
gained. The boy, however, in figure 27, £aws 
himself up by lifting only half his weight, because the 
two ropes support equal portions of the weight. The 
principal use of the fixed pulley is to change the direc- 
tion of the weight. Thus, in cbrawing a bucket out of a 
well, it is more convenient to pull downwards by a 
rope passing over a pulley above the head, than upwards 
by drawing directly at the bucket. By the mavMe 
pulley we gain a mechanical advantage, for by this we 
can give the weight a slower 

^^•^' motion than the power has, and 

■■[^■■■■■■iir can proportionally increase the 
J L efficacy of the power. Thus, 

|^H| X in figure 28, as both the ropes, 

^^ A and E, are shortened as the 

weight ascends, the rope to 
which P is attached is length- 
ened by both, and therefore P 
descends twice as fast as W 
rises, and the efficacy of the 
power is doubled. By employ- 
ing a pulley with a number of 
grooves (called a block) with 
a rope around each, we may 
make the power run off a great 
length of rope while the weight 
rises but little, being equal to 
the combined length by which all the ropes of the block 
are shortened. Thus, if the block carries twelve ropes, 
the power is increased in efficacy 12 times. Instead 
of a single block with a n umber of grooves, several 

the fixed pulley 1 Of the nwvable pulley? Explain the power oft 
£/!0ci ofpuUeyu. 
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pulleys with single grooves are combined upon a simi- 
lar principle. By a block of pulleys, two men will 
lift a rock out of a quarry a thousand times as heavy 
as they could lift with their naked hands ; but the rope 
at which they pull will run off a thousand times as fast 
as the weight rises. 



Fig. 29. 




54. The Inclined Plane. The Inclined Plane be- 
comes a mechanical power in consequence of its sup- 
porting a part of the weight, and of course leaving only 
a part to be supported by the power. If a plank, for ex- 
ample, having on it a cannon ball, is laid flat on the 
ground, it supports the whole weight of the ball. If 
one end is gradually raised, more and more force must 
be applied to keep the ball from rolling down the 
plane ; and when the plank becomes perpendicular, a 
force would be required to sustain the ball equal to its 
^hole weight. We may therefore diminish the ef- 
fect of gravity, in ascending from one level to another, 
as much as we please, by making the inclination of the 
l^ane small. A builder who was erecting a large ed- 
ifice, had occasion at last to raise heavy masses of stone 
lo the height of sixty feet. He might have hauled 
tiiem up by pulleys ; but this was inconvenient, and be- 

M. How doe0 the Inclined Plane become a nucKoiiicdl irawtr 1 ^x- 
6 



62 



NATURAL PHILOSOPHY. 



sides, pulleys are subject to so much friction as to w 
casion a great loss of power. He therefore cd 
structed of timbers and planks, an inclined plane m 
hundred feet long, and conveyed the blocks of ston 
up them on rollers. As the plane was ten times a 
long as it was high, it was as easy to roll 1000 pomid 
up the plane as it would have been to draw up 10 
pounds by a fixed pulley. But as the plane was te 
times as long as it was high, the weight would have 1 
pass over ten times the space that it would if it ha 
been raised perpendicularly by the pulley. In a 
cases, the mechanical advantage gained by the incline 
plane is in the same proportion as its length exceed 
its height. When a horse draws a loaded cart on le^ 
el ground, he has merely the friction to overcome; bi 
when he drags it up hill, he has beside the friction, 1 
lift a certain part of the load, which part will be greai 
er in proportion as the hill is steeper. If the rise i 
one part in ten, then he would lift one tenth of the lot 
continually. 

' The screw is represented in t 

following diagram as act 
upon a press, which is a v 
common use that is made c 
As the screw is turned, if 
vances lengthwise throu 
space just equal to the 
tance between the thi 
Now if the power be aT 
directly to the head 
screw, then, in turnii 
screw once round, the 
would move over at 
more space than the screw advances, as the 

ample. How employed in building ? What makes it so he 
aioad uphill? 
55, Explain Fig. 30. Hovr \& i^e i&fiODAxdRal. ^vantf 



55. The Screw. 

Fig. 30. 
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ference of the head is greater than the distance be- 
tween the threads. The mechanical advantage gained 
is in the same proportion ; and we may increase the 
efficacy of the power either by lessening the distance 
between the threads, or by increasing the space over 
which the power moves. If we attach a lever to the 
head of the screw, and apply the hand at the end, 
then we make the power move over a space vastly 
greater than that through which the screw advances, 
and the force becomes very powerfnl, and will urge 
down the press upon the books or any thing in press, 
with great energy. 

56. The Wedge. The Wedge is an instrument 
used for separating bodies, or the parts of bodies, 
from each other, as is seen in the common wedge 
used for splitting rocks or logs of wood. In the kind 
of wedge in ordinary use, the mechanical advantage 
gained is greater in proportion as the wedge is thinner. 
Accordingly, it requires but a small force to drive a thin 
wedge, but a greater force in proportion as the thick- 
ness increases. Cutlery instruments, as knives, axes, 
and the like, act on the principle of the wedge. When 
long and proportionally thin, the wedge becomes a 
mechanical power of great force, sufficient to raise 
ships from their beds. 

57. Machines. Machines are compounded of the 
mechanical powers variously united. We recognize, 
at one time, the union of the lever with the screw ; at 
another, of the wheel and axle with the pulley ; and, 
at another, of nearly all the mechanical powers to- 
gether. The following figure represents a machine 
for hauling a vessel on the stocks, combining the 
wheel and axle, the screw, the inclined plane and the 
pulley. Each contributes to increase the efficacy of the 

when the power is applied to the head of the screw ? Also when ap' 
plied at the end of toe lever ? 

56. Whst is the Wedge tised fori Howistl*el\iemec\i'as^Ci^^^«SL- 
tage of the wedge increased ? 
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force, and all together make a powerful machine, 
man applies his hand at B and turns a crank whi 
Fig. 31. 




acts on the principle of the lever upon the screw at 
If the space over which the hand moves in one rr 
lution is a hundred times as great as the distance 1 
tween the threads of the screw, then the mechanic 
advantage gained is in the same proportion, and 1 
force with which the screw urges the teeth of t 
wheel, is a hundred times that applied by the hand 
the crank. The diameter of the wheel is four tin 
that of the axle ; therefore, the force applied at £ 
four hundred times that at B. This acts on a co 
bination of pulleys, which, having four ropes, mu 
ply it again four times, and it becomes sixteen hi 
dred. The inclined plane is twice as long as it 
high, and therefore doubles the efficacy of the pow 
and it becomes three thousand and two hundred tin 
what it was originally. So that the single force whj 
a man can exert by means of such a machine is p 
digious ; and if the machine was so contrived (ai 
might easily be) that a pair of horses or a yoke of c 



57. How are Mackmu compoaedl "EiX^-aJoiYv^.^X. "^ov 
the vtlodiy of the weigVit compaxe vrl\)l[i\i)^^XQl \)tlev^^^T^ 
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^ead of the man, could turn the machine, the 
rould be adequate to move the largest ship, 
machine, however, would move the body with 
a slowness. Its motion, in fact, would be dimin- 
s much as the efficacy of the power was in- 
L. This, as we have said before, is a universal 
Le in mechanics ; so that we may find the power 
i by any machine, by seeing how much faster 
ving force goes than the weight. 
Machines, therefore, gain no momentum r the 
multiplied into its velocity always equals the 
multiplied into its velocity. But although 
es do not of themselves generate any force, they 
us to apply it to much greater advantage — to 
its direction at pleasure — to regulate its ve- 
-and to bring in to the aid of the feeble powers of 
be energies of the horse and the ox, of water, 
nd steam. 

Friction. The principlesof machinery are first 
7ated,"on the supposition that machines move 
t resistance from external causes. Then the 
e influence of such accidental causes of ir- 
ity, in any given case, is ascertained and 
• The two most general impediments to ma- 
are friction and resistance of the air, which 
»n more or less destruction, of force in all ma- 
Friction arises from the resistance which 
It surfaces meet with in moving on each other. 
:ly smooth surfaces adhere together by a cer- 
ce, opposing a corresponding resistance to the 
of the surfaces on one another ; but the as- 
( which exist on most surfaces occasion a 
^eater resistance. An extreme case is when 

' Machines gain any momentum ? What two products are* 
qual to each other ? How do machines aid us 7 
I what supposition are the principles of machinery first in- 
d ? What are the two most general tmp«dtmenta to\sARX!ikDA.<&\ 

6* 
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Fig. 32. 




one brush is slid across another, and the hairs inter- 
lace. By careful experiments on friction, the follow- 
ing are found to be its principal laws. First, the 
friction of a body, other things 
being equal, is proportioned to 
its weight. If a brick is laid 
on a table, with a string attach- 
ed to it connected with a scalf 
below, by placing weights ic 
the scale we may ascertaii 
just how much force it takei 
to drag it off from the tahk 
under different circumstances, and this will be tin 
measure of the friction. We should suppose thi! 
the friction would be greater on its broad than on iti 
narrow side ; but experiments show that it is equal ii 
the two cases, so that extent of surface makes no dif 
ference when the weight remains the same. Wi 
may let the same brick rest on either side, and lotd 
it with different weights, equal to its 5wn weight, 
double, triple, and so on. In all cases, we shall find 
the friction increased in the same proportion as thfl 
weight. Secondly, friction is increased by bodiei 
remaining some time in contact with each other ; and 
when the contact is but momentary, as when a bodj 
is in very swift motion, the amount of friction ii 
greatly diminished. Thus, when a carriage is in 
swift motion over a road, it encounters less resistance 
from friction in passing a given distance, than when 
it moves slowly. The same is strikingly the case in 
railway cars. 

60. Rolling are subject to far less friction than 
sliding bodies. Thus, if a coach wheel be lacked^ 
that is, made to slide down hill instead of rolling, iU 

What causes friction 7 State an extreme case. To what is the fine 
tion of a body proportioned ? How is the amount of friction a£fected bj 
continued contact ? 
60. DiffBience between roUmg and sliding bodies 7 Use of hd!nDi 
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friction may be so mucli increased as to check the 
rapidity of descent in any required degree. Rollers 
are therefore employed in transporting heavy bodies, 
to diminish friction ; and, for the same purpose, sur- 
faces are made smooth by applying grease, or different 
pastes, or even water, all of which fill up the inequali- 
ties and thus diminish the asperities of the surface. 
Although friction presents a resistance to machines, 
yet it has its uses in mechanical operations. It is 
this which makes the screw and the wedge keep their 
places ; and it is the friction of the surfaces of brick 
and stone against each other, which gives stability to 
buildings constructed of them. The wheels of a car- 
riage advance by their friction against the ground. 
On perfectly smooth ice they would turn without ad- 
vancing. We could not walk did not friction furnish 
US with a foothold ; and it is for want of friction that 
walking is so difficult on smooth ice. So rail cars 
meet with great difficulty in proceeding when the rails 
have been recently rendered slippery by ice : the 
wheels turn without advancing. Friction is even em- 
ployed as a mechanical force, as when a lathe is 
turned by the friction of a band. Air meets with 
greater resistance in passing over rough surfaces than 
water does ; for water deposites a film of its own 
fluid upon the surface over which it moves, and thus 
lubricates it. Hence water fiows in pipes with less 
resistance than air passes over the surfaces of a rough 
a^d sooty chimney. 

61. The resistance which bodies meet with in 
passing through air or water, increases rapidly as the 
velocity is increased, being proportioned to the square 
of the velocity. Thus, if a steamboat doubles its 

tiRf substances 7 Give examples of the uses of friction in the screw 
m the wecl^e — ^in the materials of a building — in carriage wheels — in 
Uthss. Which meets with the greater resistance from friction, t(;atcr 
voir? 
fil. How 2B Miction proportioned to vdooiy 7 Ex«m^\Q. 
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eed, it encounters not merely twice as much resi 

nee from the water, but four times as much. Th 

lakes it much more expensive to move boats rapid 

ban slowly, for it would require nine times the fori 

uo triple the speed. 



CHAPTER III. 
HYDROSTATICS. 

PRESSURE OP PLUIDS — SPECIFIC GRAVITY — MOTION OF FLUIDS 
WONDERFUL PROPERTIES COMBINED IN WATER. 

62. Hydrostatics is that branch of Natural PK 
losophy^ which treats of the pressure and motion offim 
in the form of water. 

Sec. 1. Of the Pressure of Fluids, 

63. Water, on account of the mobility of its part 
may be easily displaced^ but it is with great difficol 
compressed. If we take a hollow ball of even 
compact a metal as gold, fill it full of water, plug 
close, and put it into a vise and compress it, the w; 
will sooner force its way through the gold than y 
to the pressure. This is an old experiment, and i 
to the belief that water is wholly incompressible 

it is now found that its volume may be reduc 
smaller dimensions by subjecting it to very great 
sures. Thus, 30,000 pounds pressure to the inc 
lessen its bulk one twelfth. 

64. A fluid when at rest, presses equally in al 
turns. A point in a tumbler of water, for e: 
taken at any depth, exerts and sustains it 
pressure in all directions, upwards, downw? 
sideways. So that if I attach a string to .' 

62. Define Hydrostatics. 63. Is water compressible ? 1 
What force is required to lessen its bulk one twelfth ? 
64, What is the lean o{ piessMiem^X^ecUQi^ X Ex? 
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let it down into water, the weighj of the water 
sts on its upper side is balanced by an equal 
on its under side. This is the most remark- 
»erty of fluids, and is what distinguishes them 
ids, which press only downwards, or in the 
of gravity. 

given pressure^ or blow, impressed on any 
fa mass of water confined in a vessel, is dis- 
equally through all parts of the mass. If I 
cork into a bottle filled with water, so near 
iiat the cork meets it, the pressure is felt, not 
n the direction of the cork, or just under it, 
.11 parts of the bottle alike ; and the bottle is 
to break in one part as another, if equally 
iroughout, and if not equally strong, it will 
' at its weakest point, wherever that is situ- 
* we insert into a large vessel of water a 
adder, and then press upon 
r surface of the water with 
i fits it close, as in figure 33, 
der will indicate an equal 

on all sides. A is the lid 
the jar, water tight, and is 

the top of the fluid ; B is 
blown bladder, kept in its 
a leaden weight resting on 
im of the vessel. If a thin 

1 is substituted for the blad- 
►ressing down the lid, it will 
in into minute fragments, showing an equal 

on all sides. The same effects would follow 
) pressure applied at the side, or any other 
he vessel, instead of the top. 
his principle operates with astonishing power 
drostatic press. Figure 34 represents a press 



Fig. 33. 




is a pressure on anypRit of a coined iSASa ol "w^uKi d»** 
Exampie. ^Explain Fig. 33. 
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Fig. 34. 




made of a strong frame of timbers, having 
cylinder, C D, full ol 
and opening in^ £ 
cylinder, A B, in ^ 
plug (called a pis 
moved up and down 
lever attached to 
D is another piston 
when forced upward 
es upon a follower 
which communicat 
force to a pile of boo 
posed in the proc 
binding. Now if I apply my hand to the lei 
force down the piston in AB upon the sui 
the water, with whatever force it presses up 
surface of the fluid in the small cylinder, t£ 
is exerted on all parts of the water in the largi 
der, and consequently upon the piston D to 
upwards against E. Suppose the number of 
inches in the bottom of the piston E, is a tl 
times as great as in that of the piston at B ; t 
urging B forward with a force equal to one 1 
pounds, I should communicate to E a pressure 
hundred thousand pounds. The water in th 
cylinder would descend a thousand times as n 
that in the large cylinder rose, so that the 
through which the accumulated force could ac 
be very small ; still it would be sufficient fc 
articles as books, where the whole compressio 
small. Since there is no loss from friction 
machine, a man can by means of it exert a 
power than by any other to which he can aj 
own strength. He can by means of it cnish 

66. Describe the Hydrostatic Press. Suppose the number 
inches in the larger piston is a thousand times as great 
smaller 7 Uses of the Hy dcoBta:dc "Piea&l 
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a I ind cut in two the largest bars of irou. The hydros- 
'f 7' tatic press is much used as an oil press, as in ex- 
I tncting oil from flax seed ; and also for packing hay, 
cotton, and other light substances. 

67. The surface of a fluid at rest is horizontal. 
This property is applied to the constraction of the 
nuiD LEVEL, used by carpenters, masons, and other 

Fig. 35. 



Fig. 36. 



workmen. It usually consists of a flat rule, having a 
horizontal glass tube on the upper side, containing 
alcohol (which is preferred to water because it never 
freezes.) The tube is not quite full of the fluid, so 
that when laid on its side a bubble of air floats on the 
iq)per surface. When this is exactly at a given mark 
near the middle, then the surface on which the rule 
is laid is level. Figure 
36 represents a levelling 
staflf muck used in sur- ^ " 
veying and grading 
lands. The liquid in the 
two arms of the tube at 
A and B being precisely 
on a level, any two re- 
mote objects, P and Q, 
may be brought accu- 
rately to the same level 
by sighting P with the 
eye at A ; that is, bring- 
ing it into the same hor- 
izontal line with the sur- 
faces of A and B, and 

then sighting Q in the same manner. « 

* ill , ■■ ■ " . ' , ■ J 

67. How is the surface of a fluid when at rest 7 Describe the fluid' 
levd and the Uvelling staff. 
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68. The pressure upon any portion of 
fluid, is proportioned to its depth below th 
we let down a junk bottle into the sea, 
on all sides of it would continually incr< 
scended, until it would be sufficient to c 
great strength, however, would enable 
prodigious pressure. When an empty 1 
closely, is let down to a great depth, c 
up, it is found full of salt water, and yet 
disturbed. At a certain depth, the prei 
cork is such as to contract its dimensi 
being equally pressed on all sides, it is i 
Its size being contracted, the water n 
sides ; but on rising to the surface, the 
again to its former bulk. When the sto; 
admit of compression, the water sometii 
through its pores and thus fills the bottle. 
Fig. 37. ^^ * great depth, have the 
dered so heavy by the grej 
water forced into it, that v 
to pieces their parts do n< 
pressure of water on a squa 
depth of eight feet, is 500 

U having the same amount a 
ery eight feet of descent, it j 
prodigious. At the depth 
is no less than 330,000 poi 
square foot. 
69. Fluids rise to the sai 
opposite arms of a bent tube. 
be a bent tube : if water b 
either arm of the tube, it w 
same height in the other ar 
material what may be the s 

68. How is the pressure of a column of fluid at 
Example in a junk-bottle. What happens to a corke< 
great aepth ? What is the pxcftwue on ^^^^^i^ {oot 
e^At feety^and & mUe ? 
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inclinatioa of the opposite arms. Figure 38 represents 
a variety of vessels and tubes open at top but com- 

Fig. 38. 




municating with a common cistern of water below. 
If we pour water into any one of these, so as to fill it 
to any height, the water will be at the same height 
in each of the others. Hence, water conveyed in 
aqueducts, or running in natural confined channels, ^11 
rise just as high as its sourcCi and no higher. Be- 
tween the place of exit and the spring, the ground may 
rise into hills and descend into valleys, and the pipes 
which convey the water may follow all the irregular- 
ities of the country, and still the water will run freely, 
provided no pipe is laid higher than the level of the 
spring. 
70. The pressure of a column of water upon the hot- 
^ torn of a vessel f depends wholly upon the height of the 
r column^ without regard to its shape or size. In figure 
r 38 the pressure on the bottom of the cistern will be 
y the same whether one tube is attached, or the whole 
;; number, or the vessel itself is raised to the same 
cr height all the way of the same size as at the bottom, 

^ 60. Fluids in the opposite arms of a bent tube ? What does Fig. 38 
9 ( .. rmetent 7 How high will water in an aqueduct rise ? 
3> 10. Upon what does ibepreaaure of a coluxxua o{ flxy^ cm. ^S&A'botUmi 
' 7 
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Fig. 39. 




or even if swelled out like a funnel, so to be 
larger above than below. On this principle is fo 
the hydrostatic paradox — ^that any quantity of 
however small may be made to rai 
weight however great. Figure 3 
resents a bellows having on on 
an open tube communicating w 
On pouring water into the tub< 
bellows being full) it vdll force 
top of the bellows although loade 
heavyweights. A wine glass of 
for example, will raise the boy 
stand on the bellows, and would 
bly lift a weight many hundred 
as great. The principle is the 
as in the hydrostatic press, 
the weight of the column of wa 
fords the power that acts on the larger end of th 
lows, as in the press the force of the piston i 
small cylinder acts on that in the larger. 

Sec. 2. Of Specific Gravity, 

71. Specific Gravity is the weight of a bodt 
pared with another of the same bulkf taken as a . 
ard. Water is the standard for solids and liq 
common air for gases. The specific gravity 
mineral, for example, or of alcohol, is its weight 
pared with that of a mass of water of exact! 
same volume; the specific gravity of steam 
weight compared with that of the same volume 
mospheric air. We must know, then, what an 
volume of the standard would weigh. This is a 

of a vessel depend ? State the principle called the hydrostaticp 
Explain Fig. 39. 

71. Define specific gravity. What is the standard for soUdt 
for liquida — ^woat toi gases Y VAvaXmM^X v(« kaaw in order to 1 
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Fig. 40. 



tained in the case of a solid, by finding how much 
less the body weighs in water than in air ; and, in the 
t^ase of a liquid or a gas, by weighing equal volumes 
of the body and of air. Wishing to know how much 
header a certain ore, which 1 suspected to be silver, 
was than water, I tried to compare its weight with 
that of an equal bulk of water ; but the ore being of 
Tery irregular shape, I found great difficulty in meas- 
uring it accurately to find the number of solid inches 
in it, so that I could weigh it against the same num- 
ber of inches of water. But learning that a body 
when weighed in water weighs as much less than 
when weighed in air, as is just equal to the weight 
of the same volume of water, I attached a string to 

the ore, hung it to one arm of the balance, and found 

its weight to be 4.75 ounces ; 

and then bringing a tumbler of 

water under the suspended ote 

so as to immerse it, I found it 

did not in this situation weigh 

as much as before, but I had to 

take out 1 .25 ounces to restore 

the balance. This, then, was 

what the ore lost in water, and 

was the weight of an equal j 

▼olume of water. Now I have 

found that the ore weighs four 
i oimces and three quarters, 
> while the same bulk of water 
i weighs only one ounce and a 
i quarter. I see, therefore, at once, that the ore is about 

fear times as heavy as water ; but to find the exact 

Scific gravity, I see how many times the weight of 
ore is greater than that of an equal volume of 
water, by dividing 4.75 by 1.25, which gives 3.8 as 




^eeific gravity of a body ? Describe the way of ^u^^ XJoft «^eS&& 
f gnritjr manw^ — bIso o( alcohol — also of carbonic add. 
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the exact specific gravity of the ore. I conclude, 
therefore, that it cannot contain much silver, if any; 
otherM^ise it would be heavier. Again, desiring to 
find the specific gravity of some alcohol (which is 
better in proportion as it is lighter,) I took a small 
phial, counterpoised it in a pair of delicate scales, 
and poured in water gradually till I had introduced 
exactly 1000 grains. I then set the phial on the 
table, and placing my eye accurately on a level with 
the surface of the water, I made a fine mark with a 
small file just round the water line. On emptying out 
the water and filling the phial to the same mark wilk 
the alcohol, I found the weight of it to be 815 grains. 
I therefore inferred that its specific gravity was 815, 
water being 1000. Having now my phial ready, I 
filled it to the mark successively with half a dozen 
difierent liquors, some lighter and some heavier than 
water, and thus found the exact specific gravity of each. 
Finally, I had the curiosity to see which is the heav- 
iest, common air, or that sort of air which sparkles so 
briskly in soda-water, and in bottled beer, called car- 
bonic acid. I therefore weighed a light glass bottle, 
which, as we commonly say, was empty, but was re- 
ally filled with common air, and then withdrawing the 
air from the bottle by means of a kind of sjnringe which 
sucked it all out, I then turned the stop-cock attached 
to the mouth, shut the bottle close, and weighing it 
again, found it had lost 40 grains, which was the weight 
of the air. At last I filled the bottle with carbonic acid 
instead of air, and weighing again, found the vessel now 
weighed 60 grains more than before. This was the 
weight of the carbonic acid ; and now having found 
that when we take equal bulks of common air and 
carbonic acid, the latter weighs 60 grains, while the 
former weighs only 40, 1 infer that the carbonic acid 
is one half heavier than common air ; that is, its sp'' 
cidc gravity is 1.5. By ^ %vai\lax ^xocess^ I fr 
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that hydrogen gas, one of the elements of water, is 
more than thirteen times as light as air, being the 
lightest of all known bodies. 

72. A body fioats in water at any depth, when its 
specific gravity is just equal to that of water. The 
human systeiti is a little heavier than water, and there- 
fore tends to sink in it ; but if we strike the water 
4ownward8, its reaction will keep us up, acting as it 
does in a direction opposite to that of gravity. A very 
slight blow upon the water is sufficient to balance the 
downward tendency, and therefore swimming becomes 
an easy matter when skillfully practiced. As we lose 
in water as much of our weight as the same bulk of 
water would weigh, and thai is nearly the whole, it is 
only the slight excess of our weight which we have 
to sustain in swimming. Indeed, if we could keep 
our lungs constantly inflated, we should require no 
reaction to keep us up, but should float on the surface. 
Dr. Franklin when a boy swam across a river by the 
aid of his kite, which supplied the upward force nec- 
essary to sustain him, instead of the reaction of the 
water. Fishes are nearly of the same specific gravity 
as the water in which they live. They are supplied 
with a small air-bladder, which they have the power 
of compressing and dilating. When they wish to sink 
they compress this bladder, and their specific gravity 
is then greater than that of the water ; and they easi- 
ly rise again by sufiering the badder to dilate. Birds 
float in tihe atmosphere on similar principles. Being 
Irat Uttle heavier, bulk for bulk, than the air, very 
sUght blows with their wings create the reaction in 
an upward direction, which is necessary to sustain 
(hem ; stronger blows cause the reaction to overbalance 

72. When does a body ^oflrf in water? How is the body supported 
ia swimming ? How did Dr. Franklin swim across a river ? How do 
Juihet ascend and descend ? How do birds fly 7 
7* 
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the excess of their specific gravity over that of thi 
and they rise with the difference. 

73. When a body floats on the surface of wati 
displaces as much weight of water as is equal t 
own weight. Thus, if I place a wooden block w« 
ing four ounces in a tumbler of water even full, 
four ounces of the water will run over, as we 
ascertain by collecting and weighing it. Upon 
principle ships float on water. In proportion ai 
lade the ship, it sinks deeper and deeper, the wi 
of water displaced always being exactly equal U 
weight of the ship and cargo. The actual weig 
the ship and cargo may be easily ascertained on 
principle ; for if we float the ship into a dock of kn 
size containing a given quantity of water, the w< 
of the ship and cargo may be determined from the 
of the water in the dock. A boy wished to find 
tonnage of his boat. 
Fig. 41. therefore loaded it as h 

as it would swim, and 
transferred it to a small 
which he had made, ai 
which he knew the i 
dimensions. He then pc 
into the box a pound of 
ter at a time, and wh< 
had settled to a good 1 
he made a mark at the water line, and adding 
pound of water at a time, he thus had marks at d 
ent heights, from one poimd up to twenty. He f 
that four pounds of water were amply sufliciei 
float his boat, and when the boat was laid up< 
the water rose on the sides to the nineteenth u 
Consequently the boat had raised the water fi 

73. How m\ich water does a floatme body displace ? Ezi 
Method of finding the tonnage of a sh^ ? How did the boy fii 
tonnage oflus boat ? 
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markr, and its weight was of course fiAeen pounds ; 
for it weighed just as much as the water would have 
weighed which it would have taken to raise the level 
from the fourth to the nineteenth mark. 

Sec. 3. Of the Motion of Fluids. 

74. That part of Hydrostatics which treats of the 
mechanical properties and agencies of running water, 
is called Hydraulics^ and machines carried by water, 
or used for raising it, Hydraulic machines. It em- 
braces what relates to water flowing in open channels, 
as rivers and canals ; or in pipes, as aqueducts ; or is- 
suing from reservoirs in jets and fountains ; or falling, 
as in dams and cascades ; or oscillating in waves. 
A river or canal is water rolling down hill, and would 
be subject to the same law as other bodies descend- 
ing inclined planes, were it not for the numerous im- 
pediments which oppose the full operation of the law. 
Now a body rolling down an inclined plane has its 
motion constantly accelerated, like a body falling per- 
pendicularly, gaining the same speed in descending 
the plane that it would in falling through the perpen- 
dicular height of the plane. Hence when a body rcills 
down a long plane without obstruction it soon acquires 
an immense velocity, as is seen in a rock rolling down 
a long hill. In the same manner, a body of witer 
descending in a river constantly tends to run faster 
and faster, and would soon acquire a most destructive 
momentum, were it not retarded by numerous counter- 
acting causes, the chief of which are the friction of 
the banks and bottom, and the resistance occasioned 
bj its winding course, every turn opposing an imped- 
iment of more or less force. By such a circuitous 
nnta two benefits are gained — the rapidity of the 

74k Define Hydraulics. What subjects does it embrmct ? Are nv- 
«fftiibiect to the laws of falling bodies 7 What benefits arise tcoA 
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Stream is checked, and its advantages are more widely 
distributed. A river flows faster in the channel, to- 
wards the middle, than near the banks, because it is 
less retarded by friction ; and during a freshet the 
rapidity is greatly increased, because since the waters 
that are piled on the original bed are subject to litde 
friction, they exhibit something of the accelerated mo- 
don of bodies rolling freely down inclined planes. A 
very slight fall is sufficient to give motion to water 
where the impediments are slight. The Croton Aque- 
duct, that waters the city of New York, falls but one 
foot in a mile. Three feet fall per mile makes a 
mountain torrent. Some rivers do not fall more than 
500 feet in 1000 miles, or a foot in two miles, and re- 
quire a number of days, or even weeks, to pass over 
this distance. 

75. The Aqueducts which the ancient Romans 
and Carthagenians built for watering their cities, 
were among the greatest of their works, some of 
which have remained until the present day. Large 
streams were conducted for many miles, sometimes 
not less than a hundred, in open canals, carried through 
mountains and led over deep valleys, on stupendous 
arches of masonry. Some have supposed that the 
ancients must have been unacquainted with the prin- 
ciple, that water flowing in pipes will rise as high at 
its source, since, had they known this, they might 
have conveyed water in pipes instead of such expen- 
sive structures ; these might have ascended and de- 
scended, following all the inequalities of the face of 
the country, provided they were in no part higher 
than the head or spring. It is found, however, that 
they were acquainted with the principle, but prefer- 

^dradunu routes of rivers ? What part of a river flows/Mfot? 
Whydo rivers run so swift during & freshet 1 What/ofl per mile hart 
the Croton Water Works? 

75. What of the Aqueducts of the Romans and Carthageniui t 
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instruct their aqueducts of open channels rath- 
1 pipes. Suitable pipes, at that age, would 
Ben very costly. They are apt also to becomo 
i ; and although they might have followed the in- 
ies of hills and valleys, yet when they descend- 
ascended far from the general level, they would 
ged to encounter an enormous pressure, since, 
lumn of water, the pressure on any part is pro- 
ed to the depth below the surface of the wa« 
creasing five hundred pounds to the square foot 
ry eight feet of descent. A pipe, therefore, fifty 
ep and full of water, would have to bear a pres* 
t the lower part of more than three thousand 
1 to the square foot, and must be made propor- 
r strong, and would be apt to leak at the joints. 
Lt the present day, it is found more eligible to 
cities by open aqueducts than by pipes, as is 
1 the new Croton Water Works for watering the 

New York. Here an artificial river of the 
water is conveyed from the county of Westches- 
rty-one miles above the city, to a vast resevoir 
9 of holding 150,000,000 of gallons, where it has 
mity to deposit any sediment or impurities it 
ive taken up on its way, and to absorb air, which 
it life and briskness. From the reservoir it is 
ited to all parts of the city in pipes, affording 
3le supply for domestic uses, for watering and 
ig the streets, and for extinguishing fires. 
When a plug is removed from the top of one of 
>es of an aqueduct, the water spouts upward in 

for, since water thus situated tends to rise as 
s its source, it will spout to that height when 
ined. At least it would ascend to that height 



e ancients acquainted with the principle that water ascends 

rel of its source ? Describe the Croton Water Works. 

liy does water rpmd IJxim a pipe of an ac)]iied\i<^tl 1^*^ V»|(yv 

out? 
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were it not for the resistance of the air, which pre 
vents its attaining that full height. It is on this prin 
ciple that fountains are constructed. If we open i 
yent in the side of a water-pipe, so as to let the je 
out obliquely, it will form the curve of a parabok 
and by letting out the jet through difTereiit orificei 
the curves may be varied, and beautiful and pleasioj 
figures exhibited, as is shown at the Park Fountaii 
in the city of New York. 

77. In building tall or deep cisterns, we must re 
member, thkt the pressure on any part of the cister 
increases with the depth, and hence that the lowe 
parts require to be made stronger and closer than th 
upper, else they will either burst in pieces or leal 
A philosopher wishing to provide a constant suppl; 
of water near his house, constructed a large cister 
six feet high, and contrived to convey a small streai 
of water to the top which kept it always full and mn 
ning over by a waste-pipe. In the side of the cister 
he inserted two large stop-cocks of equal size, th 
first, one foot, and the other four feet from the top 
supposing that he might, in a given time, draw off eithe 
one gallon or four gallons ; but he was surprised to fini 
that he could obtain from the lower stop-cock onl; 
ttjoice as much as from the upper. How, thought h( 
is this consistent with the principle that the pressm 
is proportioned to the depth ? If it presses again 
the side of the cistern at the lower level four times \ 
much as at the upper, why do not four times as mai 
gallons run out when the stopper is opened ? On r 
flection, however, he perceived that the pressure < 
the side must be proportioned to the momentum, whi 
depends on two things — the quantity of matter a 
the velocity ; and of course that twice the quantity 

77. How must we provide for the strength of a pipe at differ 
heigh ts ? Relate the story of the philosopher drawing water from a 
tcriL To what is the quaniiX^ oi w^et ^c^Xv^^^s^^^t^vcv a cisteii 
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water flowiDg with twice the velocity, would have 
just four times the momentum. Hence he learned the 
grand principle, that in a column of water kept con- 
stantly full, the quantity discharged from any orifice 
in the side, is proportioned to the square root of the 
depth below the surface of the fluid. So that, to 
draw off twice as much, we must make the opening 
four times as deep, and to draw off three times as 
much, as must make it nine times as deep. 

78. The philosopher tried another experiment with 
his cistern. He turned off the run of water that sup- 
phed the cistern, and then opened the upper stop- 
cock, and found it took just five minutes to draw off 
the water to that depth. He then let in the run that 
supplied the cistern and kept it constantly full. Now 
opening the same orifice again, and drawing oflf for five 
minutes more, he found that he caught just twice as 
much water as before. From this he inferred, that if 
a vessel discharges a certain quantity of water in emp- 
tjring itself to a certain level, it will discharge twice 
as much in the sam6 time, when the vessel is kept 
constantly full. 

79. Water issues from the bottom or side of a ves- 
sel with the same force that it would acquire by fall- 
ing through the perpendicular height of the column. 
It would therefore seem to make no diflerence wheth- 
er we let water fall upon a water-wheel from the top 
of a cistern, or whether we raise a gate at the bot- 
tom of the column and let the water issue so as to 
strike the wheel there, since it would strike the wheel 
in both cases with the same velocity, except what 
might be lost in the falling column by the resistance 

different depths w'opoftioned ? How much lower mnst we go to dou- 
ble thequantity 7 

78. What other experiment did he try ? How much more is dis- 
duLiiged when the vessel is kept constantly full ? 

79. With what/orce does water issue from the bottom or aide oC ^ 
vMiel? Doe* it joaie any difference whethfix y^qX^i iaS^ \^\Kni ^ 
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of the air. A water-fall like that of Niagara, when 
an immense body of water rolls first in rapids down a 
long inclined plane, and then descends perpendicu- 
larly from a great height, affords one of the greatest ex* 
hibitions of mechanical power ever seen* The Falls 
of Niagara contain power enough to turn all the miUi 
and machinery in the world. They waste a greater 
amount of power every minute, than was expended 
in building the pyramids of Egypt ; for, in that ahinrt 
space of time, millions of pounds of water go over - 
the falls, and each pound by the velocity it gains 
in falling first down the rapids, and then perpendicu- 
larly, acquires resistless energy. Water falling ons 
hundred feet would strike on every square foot with a 
force of more than six thousand pounds. 

80. Man imitates the power of the natural wate^ -i 
fall when he builds a dam across a stream, raising i 
it above its natural level, and then turning aside more J 
or less of it into a narrow channel, makes it acquin h| 
momentum while regaining its original level. When * 
it has gained the requisite force, he turns it upon a 
water wheel usually of great size, from which, by 
means of machinery, the force is distributed wherever 
it is wanted, and so applied as to do all sorts of woiL 
When a run of water first strikes a wheel at rest, it| 
strikes it with its full force ; but as the wheel moi 
before it, the effect of the force is diminished, and 
the wheel acquired the same velocity as the si 
the force would become nothing. The wheel is 
tarded by making it do more and more work, or cany; 
a greater weight, until it acquires a uniform motion 
a certain rate, which ought to be that at which the fc 
of the stream produces the greatest effect. This if 

wheel from the top, or issues upon it from the bottom ? What of tkf 
Falls of Niagara t 

80. When does man imitaU the water-M ? With what force doec '• 
nmofwater>Er»lBtrikeawheel7 How when the wheel is in motioD- 
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in some cases when the wheel moves half as fast as 
the stream. That a current of water or of wind strikes 
an object with less force when the object is moving the 
same way, is a general principle. Thus, when a steam- 
boat is moving directly before the wind, she would de- 
- rive little aid from sails unless the wind were high, 
for she would " run away from the breeze ;" that is, 
the wind would produce no effect any farther than its 
velocity exceeded that of the boat, and if it were just 
equal to that, the effect would be absolutely nothing. 
A man in a balloon carried forward by a wind blow- 
ing a hundred miles an hour, would speedily acquire 
the same velocity with the wind, and therefore appear 
to himself to be all the wliile in a calm. Although 
the earth is constantly revolving round the sun with 
inconceivable rapidity, yet as wo have the same ve- 
locity we seem to be at rest. 

Sec. 4. Of the Remarkable Properties combined in 
Water. 

81, Water combines in itself a variety of useful 
properties, all designed for the benefit of man. First, 
' Natural History leads us to contemplate it in its va- 
1- rions aspects. It covers about three fourths of the 
^ globe, and is distributedinto oceans, seas, and lakes, 
?T rivers, springs, and atmospheric vapor. By the agency 
i of heat, water is constantly rising in vapor on all parts 
pi£ of the ocean. This mingles with the air in an invisi- 
5 V ble elastic state, being separated in the process of 
:ar eTaporation from its salt and every other impurity. 
ot More or less of it is conveyed over the land by winds, 
for: and falls upon it in dew, and rain, and snow. A part 
kis :^ - 



— T^ In what case docs the Stream produce its greatest rfToot? Example 
^- ' int iteam-hoat. TIow would a man in a balloon ai)])ear to himscll to 

be situated when moving with the same velocity sis the wind ? 
' ^^ 81. What port of the ejirth is covered with water 1 \iv >n\vv»X ^^y^'ci- 
*^' ^fomt? Whstbenc£t3£ow from rivers 7 Also kom^JScvB ocean.! 

8 
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of this filters through the saDd, runs down in th* 
vices of rocks, and collects in pure fountains i 
below the surface, where it may be easily reac! 
almost every place, by digging wells. In v 
places it flows but by its own pressure in sprinj 
streamlets, which unite in rivulets, and these 
ers, which return the water to the sea. But rii 
they run are made to impart fertility, and to fum 
avenue by which vessels and steam boats may 
trate into the heart of every country, and con 
the remotest cities the riches of every clime, i 
ers furnish an entrance into the interior of ecu 
so the ocean forms the great highway betwei 
tions, and unites all nations in the bands of comi 
Still further, to serve the grand cause of benevc 
the ocean is filled with living beings innum< 
which are not, like land animals, confined to tl: 
face, but occupy the depth of at least six hundre 
and thus enjoy a far more extensive domain ths 
part of the animal creation that inherits the lane 
82. Secondly, Chemistry regards water wi 
less interest than Natural History. Its very ca 
Hon is admirable, being constituted of two subst 
oxygen and hydrogen, which, when united witl 
are separated in the gaseous form, and each pc 
es the most curious and wonderful properties, 
gen is found as an element in nearly all bodies 
ture ; it is the part of atmospheric air, whicl: 
tains all animal life and supports all fires ; an 
the most activjB agent in producing all the cI 
of matter wliich take place both in nature ar 
Hydrogen gas is the most combustible of all b 
and is in fact what we see burning in nearly 
sort of flame. As a solvent^ water performs th€ 
useful service to man, removing every impurity 
his clothing or his person, dissolving and p 

8Z. What is the compositum o( vt^Xat "l 'WVx«x ^ omi^ism.^ 
g€n ? WJiat of watex as a solvent ? Ol ^Cea ^aSLcteoX %UA«% « 
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ing his food, and entering largely into nearly all the 
processes of the arts. By the different states which 
water assumes, of ice and snow and vapor, it performs 
important offices in the economy of Nature, as well 
as in its native state of a liquid. These changes of 
state regulate the temperature of the atmosphere, and 
preserve it from dangerous excesses both of heat and 
cold. Oh the one hand, on the approach of winter in 
cold climates, water changes to ice and gives out a 
vast amount of heat that kept it in the liquid state ; 
and on the approach of summer, to check the too ra- 
pid increase of temperature, the same heat which was 
given out when water was changed into ice, is now ab- 
sorbed and withdrawn from the atmosphere, as ice is 
changed back to water. Moreover, during the heat 
of summer, the evaporation of water, a very cool- 
ing process, checks the tendency to excess of the 
heat of the sun, and guards us from all danger on that 
hand. Ice, by covering the rivers, keeps them from 
freezing except on the surface ; and snow is a warm 
and downy covering thrown over the earth, to pro- 
tect the vegetable kingdom by confining the heat of 
the earth. 
83. Thirdly, it is the province of Physiology to con 
- template the relations of water to the vegetable and 
^ inimai kingdoms. Water is the chief food of plants, 
' which it nourishes, either by supplying a part of their 
-- elements, or by dissolving their nutriment, and thus 
^ preparing it for circulation ; and hence water is indis- 
^ pensable to the life and growth of all vegetables. To 
* animals and man, it furnishes the best and only neces- 
^*^ sary beverage ; it is the medium by which our food is 
^^ prepared ; and it acts medicinally in various ways, 
^ both internally and externally. 

How doet it check the cold of winter and the heat of sumincr X l]%^^vA. 
{tmrties of ke and srtow ? 
61 Wto «witef»iatibns of water to the wgetobleVm^tosi'X 'WoaX 
' — ' — -* —w / 



88 NATURAL PHILOSOPHY. 

84. Finally, the Mechanical lelsXions of watei^ 
as those we have been considering in the pr^ce 
pages, are hardly less remarkable and important / 
the rest. By its mobility, it maintains its own h 
and keeps itself within its precrib^d bounds ; by 
buoyancy i it furnishes a habitation for numerous tri 
of fishes, and lays the foundation of the whole ai 
navigation ; by its pressure in all directions, it gi 
the first indication of containing great mechan 
energy, which is more fully developed in the 
mense force of running water, which may be reg; 
ed as a repository of power kept in readiness for 
use of man ; and, finally, by its property of b< 
converted into steam, it discloses a new and ii 
haustible fountain of mechanical force, which i 
may employ in any degree of intensity to perform 
humblest and the mightiest of his works. 



CHAPTER IV. 
PNEUMATICS. 

PROPERTIES OP ELASTIC FLUIDS — AIR PUMP — COMMON 1»UMP- 
PHON — BAROMETER— CONDENSER — FIRE ENGINE — STEAM ANI 
PROPERTIES — STEAM ENGINE. 

85. Pneumatics is that branch of Natural Phil 
phy which treats of the pressure and motion of eh 
fluids. Elastic fluids are those which are capabl 
contracting or dilating their volume under diffei 
degrees of pressure. They are of two kinds, gi 
and vapors. Gases constantly retain the elastic 
visible state ; vapors remain in this state only w 
heated to a certain degree, but return to the lie 

84. Advantages of its 7no6/% — of its pressure — ^of its capacity a 
ing converted into steam. 

85. Define Pneumatics. What are elastic fluids ? State the 
kinds and distinguish between tYieni. ''NWt Vwo ^i^\.\s&. €xud« 
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State when cooled. Common air is a gas, steam a 
vapor. Although there are many different gases arid 
vapors known to Chemistry, yet air and steam are the 
elastic fluids chiefly regarded in Natural Philosophy. 
Air and steam are both commonly invisible ; but air, 
when we look through an extensive body of it, ap- 
pears of a delicate blue or azure color, which habit 
leads us to refer to distant objects seen through it. It 
is not the distant mountain that is blue, but the air 
through which we see it. Air also sometimes becomes 
visible when ascending and descending currents mix, 
as over a pan of coals, or a hot chimney, when we 
see a wavy appearance, which is air itself. Vapors 
also exhibit naturally some variety of colors, as yel- 
low and purple ; but the vapor of water or steam is 
usually invisible. We must carefully distinguish be- 
tween elastic vapor and the mist which issues from a 
tea kettle. This is vapor condensed, or restored to the 
state of water, and it is only at the mouth of the tea- 
kettle, where it is hot, that it is in the state of steam, 
and there it is invisible. 

86. The general principles of mechanics apply to 
liquids and gases, as well as to solids, all bodies be- 
ing subject alike to the laws of motion ; but the prop- 
erty of i?M>ii7t7y q/* par^j, which characterizes liquids, 
and of elasticity which characterizes gases and va- 
pors, gives them severally additional properties, which 
lay the foundation of hydrostatics and pneumatics. 
Although we do not usually see gases and vapors, yet 
we find in them properties of matter enough to prove 
their materiality. In common with solids, they have 
impenetrability, inertia, and weight ; in common with 
liquids, they are subject to the law of equal pressure 
in all directions, and when confined, they transmit the 
■ ' — • ■ — ' 

chiefly regarded in Natural Philosophy ? When is air visible ? Are 
T^Mis ever visible ? 
S6. 00 the general principles of MecliaDka v(^\^ \a \iq^\^ %sv\ 
8* 
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effects of a pressure or blow upon any one part of thi 
vessel, to all parts alike ; but in their elasticity, the} 
differ from both solids and liquids. Since air and 
steam are the elastic fluids with which Natural Phi* 
losophy is chiefly concerned, we shall consider esd 
of these separately. 

Sec. 1. Of Atmospheric Air. 

87. We may readily verify upon atmospheric air, 
the various properties of an elastic fluid. Its in- 
penetrability, or the property of excluding all othei 
matter from the space it occupies, will be manifested 
if we invert a tall tumbler in water. It will permit tbi 
water to occupy more and more of tlie space as wi 
depress it farther, but will never cease to exclude thi 
water from a certain portion of the tumbler which il 
occupies. We may render this ex* 
periment more striking, by employ' 
ing a glass cylinder and piston, as ii 
represented in Fig. 42. Let A B C E 
represent a hollow cylinder, mad< 
perfectly smooth and regular on tbi 
inside, and P a short solid cylinder 
called a piston^ moving up and dowi 
in it air tight, and R the piston-rod 
Now when we insert the piston neai 
the top of the cylinder, the spaci 
below it is filled with air. On de 
pressing the piston, the air, on ac 
count of its elasticity, gives way and we at first fee 
but little resistance ; but as we thrust it down neare 
to the bottom, the resistance increases, and finally be 

gases ? What property characterizes liquids, and what solids ? Win 
properties of mutter hare gases and vapors ? 

87. Show how air is proved to be material. Explain Figure 4i 
•State the different jprincHples which this apparatus is capable of proi 
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Hnes ao great dut we cansot depre» it aar fardier 
f the strength of the hand. If we apphr heary 
eigbts, we may force it nearer and nearer lo the 
yttom of the cylinder ; but no power will bhngit into 
DDtact with the bottxMn. This expeiiment may be 
) ▼aried as to jRore sereral things. First, it shows 
lat air is impenekraUe ; secondly, that it may be in- 
efinitely compressed — all the air of a large room 
light be reduced to a thimble-fiill, and on remonng 
tie pressure, it would immediately recover its original 
olume ; thirdly, that the resistance increases the 
Dcnre it is compressed. We will graduate the cylin- 
Ler into a thousand equal divisions, by horixontal 
narks numbered from the bottom upwards from one 
o one thousand, and place on the pan at the top of 
he piston-rod a few grains, so as just to overcome the 
riction of the piston against the sides of the cylinder, 
^e will now put on weights successively, until we have 
rank the piston half way, when the air occupies five 
[iundred instead of a thousand parts of the cylinder, 
[f we double the weight, it will not carry the piston 
die same distance as before, that is to the bottom, but 
only through half the remaining space, so that the air 
now occupies one fourth of the capacity of the cylin- 
der. If we double the present weight, it will again 
be compressed one half, so as to fill but an eighth 
part of the cylinder. We find, therefore, that a double 
force of compression, always reduces to half the form- 
er volume. This law is expressed by sapng, that ih» 
wbime of a given weight of air is inversely as the com* 
pressing force. 

88. Air has the property of inertia. It remains at 

iOK* How is the voltime of a given weight of air proportioned to th« 
eompressing force ? 

8a Why has air the property of inertia ? State the experiment 
iiluch shows thatair has weij^ Why is air called & fluid^ ¥kK9^ 
the partioles of elastic iaidM any cohesion 1 
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rest unless put in motion by some force, and continuei 
to move until some adequate force stops it. Wha 
put in motion by any moving body, it destroys just ai 
much motion in that body as it receives from it ; an 
it loses its motion only as it imparts the same amouo 
to some other matter. A large body moving swiftli 
through the air meets with great resistance ; bo 
whatever motion it loses, it imparts to the air, whicl 
might be sufficient to produce a high wind. Air als< 
has weight. If we balance a light bottle, containing 
a hundred cubic inches, in a delicate pair of scales 
having just pumped out all the air from the bottle, anc 
then open the stopper, and admit the air again, w( 
find the vessel has gained in weight 30^ grains. W( 
call air and all other gases and veipors fluids, becausi 
their particles move so easily among themselves 
The particles of elastic fluids have no cohesion, bff 
on the other hand, have a mutual repulsion, whicl 
causes them to fly off* from each other as soon as tlw 
compressing force is removed or diminished. 

89. The lower portions of air which lie next to tin 
earth, are pressed by the whole weight of the atmoS' 
phere, which is found to amount to the enormous forc< 
of 15 pounds upon every square inch ; or above 2,0(K 
pounds upon a square foot. This force would be in 
supportable to man and animals, were it not equal ir 
all directions, entering into the pores of bodies, anc 
thus being everywhere nearly in a state of equilibrium 
It is only when we withdraw the air from a givei 
space, so as to leave the surrounding air unbalanced 
that we see marks of this violent pressure. 

90. The air pump. Various properties of the ail 
are exhibited by this beautiful and interesting appara 
tus. A simple form of the Air Pump is shown in fig 



89. What is the pressure ofthe atmosphere upon a square J 
iquare foot ? Why is it not insuppoitaole to man 7 



43. A 

ring op an^ < 




ates by an opem pigie, 2u iv:i^ i^ lisK if tt^ 
), opening into t^ sscistve:. 2.^ «!iie& ji. ^ i^ 
el ground at t^ htoaa. » s* i( ft: ju^ 3«0«^ ^ te 
Hunp air'ti^it. AisjB^maHmGSSfiFWju^if^ft^if' 
sloses a passage iafi» 3e pois:. Il tv^ inu^ ar' ttg^' 
)e let into the iccxsw n«a. x ism. ifttsst wji^ussfm% 
)y the pomp. 

In order to eadeefiaatt itim -ti^ vua^ *:!S3f!!i^» W 
Ur from the receiTer. «r ^xumurjt x^ x m ^at^ sm n n^t r 
fast to learn the tamcsax^ 4C & ««0< X ^t^f^ >» iiti^ 
contrivance by whi^ % &&£ 'jt -^mmoifi, a. i^m ihm, 
way, bot prerested CTSk iam-jo^ -m^!: yy/^jt^ »trtr 
Acommon hand befiorsm is&eift la ^rviiw^. ^ % nM*^^. 
ia the little clapper m ^ loiiiHr ««t<^. 1ft ;u^ ^ 
kellows is opeiuMl, ^^ 6skvi^ r^n^at m«c ta^ i^ fym 
b ; and when the htXkm^ -a vxoLf ^<^ t^sOe-)^^^ ^^A^^^^ 
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upon the orifice, and as the air cannot esc 
same way it entered, it is forced out by th< 
the bellows. In the bottom of the cylinder 
ure 43, there is a small hole, like a pin 
drawing up the piston, the space below it ^ 
vacuum were it not that the air instantly 
from the pipe, B, and the receiver, D, ar 
space, as water runs into a syringe. A sti 
silk is tied firmly over the orifice in the 
the cylinder on the inside, opening freel 
when this air seeks entrance from below, b 
downwards and preventing its return. Tl 
should attempt to force down the cylind 
below it would resist its descent ; but a sn 
made through the piston itself, and a valve 
upper side opening upwards; so that on 
the piston, the air below makes its way tl 
valve and escapes into the open space lal 
raise the piston, and the air in the receiver 
through a valve in the bottom of the cylind 
upwards. The original air of the receiver 
expanded equally through the receiver, th 
and the connecting-pipe, we thrust down 1 
and the portion of the air that is contained 
inder is forced out through the piston, 
raise the piston, and the remaining air of tl 
expands itself as before through the vac 
depress the piston, and a second cylinder 
is withdrawn. By continuing this process, 
more and more the air of the receiver, ever 
the piston leaving what remains more rar 
fore. Still, on account of the elasticity ol 
remains in the cylinder will always di: 
through the whole vessel, so that we cann 
a complete vacuum by the air-pump. 

process of exhausting a veaaeV. Casi -we >jtodu.ce a cone 
hy the air-pump 1 
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91. Several experiments will illustrate the great 

jpresswre of the atmosphere^ when no longer balanced 

by an equal and opposite force. We shall find the 

xeceiver, when exhausted by the foregoing process, 

lield firmly to the plate of the pump so that we cannot 

remove it until we have opened the screw, S, and 

admitted the air ; then the downward force of the air 

being counterbalanced by an equal force from within, 

the vessel is easily taken off. The 

MagdeburgHemispheres^xeprescnied in ^' ^'** 

figure 44, afford a striking illustration 

of the force of atmospheric pressure. 

When they have air within as well as 

without, they are easily, when joined, { 

separated from each other ; but let us 

.^ now put them closely together and 

screw the ball thus formed upon the 

plate of the pump, exhaust the air, and 

^ close the stop-cock so as to prevent its 

^. return. We then unscrew the ball from the pump, and 

r . screw on the loose handle ; the hemispheres are pressed 

■^ «o closely together that two men, taking hold by the 

T^ opposite handles, can hardly pull them apart. Hemis- 

J"- pheres four inches in diameter would be held togeth- 

a- ©r with a force equal to 188 pounds. Otto Guericke, 

-J." of Magdeburg, in Germany, who invented the air pump 

■ •lid. contrived this experiment, had a pair of hemis- 

;;' pheres constructed, so large that sixteen horses, eight 

i:- On each side, were unable to draw them apart. A 

i^ Pair only two feet in diameter, would require to sepa- 

^e them a force equal to 6785 pounds. If our bod- 

r if%8 were not so penetrated by air, that the external 

: Pressure is counterbalanced by an equal force from 

91. Give an example of the great pressure of the atmosphere. De- 
^oibe the Magdeburg Hemispheres. What is said of those made by Ot- 
to Guericke ? How much pressure does a middle sized ixiaAft\3A>\»\fiLl 
^^qr are we not cnubed 7 
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within, we should be crushed under the 
the atmosphere ; for a middle sized man w 
tain a pressure of about 14 tons. 

92. If we take a square bottle^ fit a stop-c 
and exhaust^he air, the pressure on the oi 
crush it into small fragments, with a loud < 
It is prudent to throw a towel or handkerchi 
over it, to prevent injury from the fraj^ 
square bottle is preferred to a round one, b.QC 
a figure has less power of resistance. The 
experiment may be tried without an air p 
affords a pleasing illustration of the force 
pheric pressure. Cut out a circular piece 
grained sole leather, five or six inches in 
Through a hole in the center, draw a wax 
to serve as a huodle.- .Soak the leather in \ 
it is very solk^wK pliable ; then, on applyi 
any smooth, clean surface, as that of a la 
slab of marble, or a table, it will adhere ^ 
force, that we cannot lift it oflT; but whei 
upwards, the heavy body to which it is atts 
be lifted with it. We may, however, slu 
ease, because no fore 
Fig. 45. on it ^o prevent its 

this direction, exce] 
the adhesion of the 
Flies are said to asce 
of glass on this prir 
applying their broad f 
to the glass, which 
down by the pressure 
mosphere. When w 
sucker, and exhaust i 
mouth, the fluid rise 




92. Describe the experiment with a square bottle. 
atone experiment. Why can we so easily slide thn Icatl: 
flze« ascend smooth planes. Hoyi ^oes \)Qft\»i «vxtV "• 
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Fig. 46. 



ced up by the pressure of the atmosphere on its 
When we draw in the breath, the lungs are 
hi like a pair of bellows. Thus the air runs 
Backer into the lungs and forms a vacuum in 
ktfr. Immediately £e pressure of the atmos- 
n the surface of the fluid, not being balanced 
abe, forces the fluid up the tube and thence 
i mouth. 

If we All a phial with water, and, placing one 
m the mouth, invert it in a tumbler partly full 
r, the water will not run out of 
al, but will remain suspended, 
i there being no air at the top of 
imn to balance the pressure that 
the mouth of the phial, the col- 
nnot descend. If, however, in- " 
f the phial, we should employ a* 
>re than 33 feet long, on fllling it 
erting it as was done with the 
le water would settle to about 33 
d there it would rest ; for the 
3 of the atmosphere is capable of 
ng a column of water only 33 
h. Were it higher than this, it 
)e more than a counterpoise for 
Bssure, and would overcome it 
k ; and were it lower than that, 
I be overcome by that pressure, 
3 until it exactly bawced the . 
the atmosphere. Ins^^of fiU-^ 
Mpe with water, we wiinw.ch a*-?u\^ 
;k to the open end, screw it on 
? of the air-pump, and exhaust the afir. We 
V close the stop-cock, and removing the tube 

cribe the experiment with the phial. Also with a pipe more 
-three feet long. If we exhaust the plye vdA. or^nL ')X^^q:&^^ 
UbappeDB? 

9 




A 
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from the pump, will place the lower end of 
in a bowl of water. On opening the stop- 
water will rush into the pipe, and rise to a 
same 'height as before, namely about 33 fee 
it will rest. In both cases, there is an emj 
or vacuum in the upper part of the pipe i 
column of water. 

94. This experiment illustrates 
' ig. 47. ciple of the common pump, of th 
and of the barometer. Let us 
— ^K—, J how water is raised by the pum 
I apparatus usually consists of two 

■p^ a larger, A B, above, and a smal 
below. The piston moves in tl 
pipe, and the smaller pipe desc 
the well. On the top of the latte 
/^N\| il enters the former, is a valve, V 

^ upwards. Suppose the piston, P 

F— ^ ^ 'clos^ to this valve. On raising 
from the lower pipe diffuses ilse 
empty space below the piston, 
rarefied, and no longer balances 
sure of the atmosphere on the 
the well. Consequently, the 
forced up until the weight of t 
together with the weight of t 
air, restores the equilibrium, 
the piston being drawn up to 
rises to H ; then the column, 
I c rarefied air in both pipes U 

m^\mi^^m counterbalance the weight c 
^s^^^S phere. On raising the pisto 
the water rises above H, but would not p 
the valve, V, by a single elevation of the 

94. Explain the comn\OTvp\Miip(toni Fig. 47. Ho 
the atmosphere exert in raWm^Uie \\;i\e\^ 
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therefore thrust down ihe piston lo repeat the operation. 
The air between V and P is prevented from returning 
into the lower pipe, by the ralve, V, whkh shuts down- 

Rids ; but-the enclosed air, when compressed by the 
jftending piston, lifts a vaire in the piston, as in the 
jpump, and escapes above. On drawing up the pis- 
Ion a second time, suppose that the water rises into 
the upper pipe above the valve, V, then on depressing 
the piston again, this water, pressed on by the piston, 
lifts its valve, and gets above it. Finally, on drawing 
up the piston again, this same water is lifted up to the 
level of the spout, S, where it runs off. We exert 
just as much force in exhausting the air, as the pres- 
sure of the atmosphere exerts in raising the water. 
It requires, therefore, just as much force to raise a 
given quantity of water by the pump, as to draw it up 
in a bucket ; and the only question is, which is the 
most convenient mode of applying the force. 

95. The Syphon is a bent tube, 
having one leg longer than the 
other, as in figure 48. If we dip 
the shorter leg into water and 
suck out the air from the tube, the 
water will rise, pass over the 
bend, flow out at the open end, 
and continue to run until all the 
water in the vessel is drawn off. 
Here the pressure of the atmos- 
phere on both mouths *of the lube 
is the same ; but in each arm, that 
pressure is resisted by the weight 
of the column of water above it, and more by the 
longer than by the shorter column. This is the same, 
thing as though the pressure were less upon the outer 



Fig. 48. 




95. Descril)e the Syphon. Why does it draw off the liquid ? State 
^ naet of the Syphon. How high will it raise vialei \ 



^s^^ 
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than upon the inner mouth ; and it is < 

that if the water in a tube is pressed 

more than the other, it will flow in the 

which the pressure is greatest. The syp 

in drawing off liquors ; and the water in s 

sometimes conyeyed over hills on the prin 

syphon. But we must remember 

Fig. 49. could not be raised by it more th 

1 for when the bend is 33 feet abo' 

^ of the fountain, then the column : 

I jy er arm balances the pressure of 

phere at the mouth of the tube in tl 

leaves no force to drive forward 

into the descending arm. 

96. The Barometer is an ins 
measuring the pressure of the atmc 
the atmosphere be conceived to 
into perpendicular columns, the 
measures the weight of one of tl 
height of a column of quicksilvc 
takes to balance it. Quicksilver i 
as heavy as water, and therefore i 
much shorter than one of water, v 
the weight of an atmospheric coli 
will imply a column about 2 J f 
inches high, and it will be much 
venient to experiment upon suet 
than upon one of water 33 feet 
will therefore take a glass tube s 
feet long, closed at one end and 

* other, fill it with quicksilver, and 
finger firmly on the open mouth, ^ 
sert this below the surface of the 
small cistern, as represented in 

96. Define the Barometer. Describe the mode of makii 
At what height will the quicksilver rest ? What is the 
caUedl 
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On withdrawing the finger, the quicksilver in the 
tube will settle to the height of about thirty inches, 
where it will rest, being sustained by the pressure of 
the atmosphere on the surface of the fluid in the 
cistern, to which force its weight is exactly equal. 
The space above the quidksilver, is the best vacuum 
we are able to form. It is called the Torricellian 
vacuum, from Toricelli, an Italian philosopher, who 
first formed it. The weight of a column of atmos- 
pheric air is diflferent in different states of weather, 
and its variations will be indicated by the rising and 
falling of the quicksilver in the barometer. Any in- 
crease of weight in the air will make the fluid rise ; 
any diminution of weight will make it fall. Hence, 
these variations in the height of the baromelic col- 
umn, show us the comparative weight and pressure 
of the atmosphere at any given time. By applying to 
the upper part of the tube a scale divided into inches 
and tenths of an inch, we can read off the exact height 
of the quicksilver at any given time. Thus, the fluid, 
as represented in the figure, stands at 29.4 inches. 

97. The barometer is one of the most useful and 
instructive of philosophical instruments. By observ- 
ing it from time to time, we may find how its changes 
are connected with the changes of weather, and thus 
it frequently enables us to foretell such changes. If, 
for example, we should observe a sudden and extraor- 
dinary fall of the barometer, we should know that a 
high wind was near, possibly a violent gale. To sea- 
faring men, the barometer is a most valuable instru- 
ment, since it enables them to foresee the approach of 
a gale, and provide against it. As a general fact, the 
rising of the barometer indicates fair, and its falling, 
foul weather. 

97. £zplain the use of the barometer as a weather glass. What 
would a sudden and extraordinary fall indicate ? What weather dooa 
in riff, and what its/all indicate ? 

9* 
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Fig.fiO. 




98. The foregoing considerations relate to tlie 
weight and pressure of the atmosphere ; but the au> 
pump also a$>rds us interesti^ng illustrations of ths 
elasticity of air. We will fill i 
phial with water, and invert it m 
a tumbter partly filled wilfi tha 
same fluid. We will now plaoi 
the tumbler and phial on the plats ' 
of the air-pump, and cover it wi& 
a receiver, and exhaust the ak 
Soon after we begin to work ths 
pump, we shall see minute bubbbi 
of air making their appearance ii 
the water, which will rise and col- 
lect in a bubble at the top of the 
column. The bubble thus formed, will expand mors 
and more as the exhaustion proceeds, until it expels the 
water, and occupies the whole interior of the phiiL 
This will happen much sooner if we let in a bubble of 
air at first, and do not wait for it to be extricated from 
the water ; but this extrication of air from the wap 
ter, is itself an instructive part of the experiment, as 
it shows us that water contains a large quantity of air, 
held in combination with it by the pressure of the at- 
mosphere on the surface, which pressure pervades 
all parts of the fluid alike. But on withdrawing this 
pressure gradually from the surface of the water, the 
particles of air imprisoned in the pores of the water, 
escape, and collect on the top. The bubble thus 
formed, will expand more and more as the pressure 
is still farther removed, until it drives down the wa^ 
ter and fills the whole phial. If we turn the screw S 
of the pump (Fig. 43) and let in the air, the pressure 
on the surface of the water in the tumbler being res- 

98. Describe Fig 50, and show how it illustrates the elasticitT of 
air. What will poTooa bodies give out in an exhausted reciTer ? nam 
will warm waterbe affeCtedl 
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red, the water will be forced up the phial again, 
id the air will be reduced to its original bubble. If 
place any porous substance, as a piece of brick, or 
crust of bread, in a tumbler, and fill the tumbler 
ith water, (attaching a small weight to the bread to 
«p it tinder) we shall see in like manner, an unex- 
cted amount of air extricated when we place it under 
a receiyer, and remove the atmospheric pressure 
>m it, so as to permit it to assume the elastic state. 
[quids boil at a much lower temperature than usual, 
bien the pressure of the atmosphere is removed from 
em. Thus, if we take a tumbler half full of water, 
i more than blood warm, set it under the receiver, 
id exhaust the air, it will boil violently. 

99. Air is the medium of combustion, of respiration^ 
id of sound. If we place a lighted candle under the 
iceiver of an air-pump, and exhaust the air, the light 
ill immediately go out, showing that bodies cannot 
nm without the presence of air. Nor without this 
in animals breathe. A small bird placed beneath the 
)ceiver, will cease to breathe as soon as the air is 
Khausted. If a bell, also, is made to ring under a 
^ceiver, the sound will grow fainter and fainter as 
le air is withdrawn, and finally be scarcely heard at 
11. The buoyancy of air, like that of water, enables 

to support light bodies. In a vacuum, the heaviest 
nd lightest bodies descend to the earth with the same 
elocity. If we suspend a guinea and a feather from 
le top of a tall receiver, exhaust the air, and let them 
lU at the same instant, the feather will keep pace 
dth the guinea, and reach the plate of the pump at 
le same instant* 

100. The Condenser. A piston and cylinder may 
« so contrived as to pump air into a vessel instead of 



90. How may we show that air is essential to combustion ? Also to 
kt Alio tosousd? I>e0chbethegaineau^iQ«))ktti«xv«u^^ 
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Fig. 51. 
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pumping it out. Figure 51 represents a < 

syringe, screwed to a box partly filled m 

When the piston is drawn up to the top, ab 

fice E in the side, the air r 

which on depressing the 

driven forward into the bo3 

valve, V, which opens in 

closes outwards, and prev 

turn of the air. By repeat 

the piston, more and more £ 

into the box, constantly 

the pressure on the surfj 

water. D i& a tube openi 

sing by a stop cock, havin 

end in the water. Wher 

strongly condensed, on o 

stop-cock, the water issu( 

tube with violence. Si 

\ ^ "in fountains are construct 

^^^^^ J principle. A great quan 

^^^^^^H bonic acid, or fixed air, is 

BaBBlWi a strong metallic vessel, 

a solution of soda, and t 

subjected to a powerful pressure. A tub 

this vessel to the counter where the liqi 

drawn, which issues with violence, as sc 

is given to it, and foams, in consequeace 

bonic acid expanding by the removal of tl 

by which it had been confined. The con 

ployed for this purpose, is called 3i forcing 

differs from the condensing syringe, rep 

figure 51, chiefly in being worked by a Ic 

ed to the piston, instead of the naked hand 



m=M 



100. Describe the Condenser from Fig. 51. How is a 
the box ? Explain the principle of soda water fountains 
forcing pump t 
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01. The Fire Engine throws water by means of 
' forcing pumps, one on each side, which are work- 
by the fire-men. T represents the hose, or leath- 
pipe, which leads off to some well or cistern of 
ter, whence the supply is drawn. F is the work- 
beam, to each end of which is' attached a piston 
nng in the cylinder A B. Suppose, at the com- 
Qcement of the process, the left hand pistol is 
m close to the valve V ; as it rises, the water fol- 
8 it frbm the hose, lifting the valve Y, and enter- 
P B below the piston. When the piston descends, 
brces the water through a valve into the air- 
sel, M. As the water is thrown in by successive 
cents or thd^piston, it rises in M, and-^conden^es 
air of the vessel into a ^mall spa^ytt ' ly^^.y A 
ond hose, F, dips into the water^ Wd teMRa^ in 
farther end Hto* a pipe, which the firemtm directs 

1. Describe the fire-engine fromv^iir. 52. ]|^hy is the air-vessel 
7 Use ijf urspiiDgs and air liedsj ; 
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upon any required point, sending the water in 8 
tinual stream. The stream might indeed be pr 
ed directly by the action of the pistons, wi|kuM 
intervention of the compressed air in M ; 1^ ii 
case it would go by jerk? ; whereas, the elastic 
the confined air acts as a uniform force, and i 
the water flow out in a continual stream. Air-sp 
acting on the same principle, are sometimes ati 
to coaehes, and are said to opermivell. Bedi 
been filled by inflating them with itir inutead of 
ers, and have the advantage of being always ma< 
• 
Sec. 2. Of Steam and its Properties. 

102. Steam, or the elastic fluid which is pro 

by heating water, owes its mechanical efficacy 

power of suddenly acquiring by heat, a powerfu 

licity, and then losing it as suddenly, by co 

the former case, expanding rapidly, and exj: 

every thing else from the space it occupies ; a 

the latter case, shrinking instantly to its origii 

mensions in the state of water, and thus forming 

cuum. By this means, an alternate motion is 

to a piston, which being communicated to macb 

supplies a force capable of performing every j 

labor, and being easily endued with any requir 

gree of energy, is at once the most etlicieni ar 

most manageable of all ihe forces of nature. 

if steam be admiti:ed below the piston, in figu 

when its force accumulates sufficiently to ove 

the resistance of the pistdn, itraises^t; and if] 

b#letir^)Ove the piston^ it depresses it. Wh^ 

pis%tift|g&, Jifcpay be made to turn a cranl 

round, anfr'j:he mhor half wh^n^it A)ls, find f 

• ■ - " - — at ~ — ^^' ^v^ ''^v y . ~~ 

102. To what two properties does steam owe its mechanica 
cy ? To what is the jnotion firsAcommnnicated, and how trai 
to machinery 1 ^kow \iQVi )ih<u^X^TL\& sai^^^i ^i\d de^^ssed. 
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[laiii wheel may be made to revolve, from which mo- 
lon may be conveyed to all sorts of machinery. The 
legree if force which steam exerts, depends on the 
ewperature and density conjointly. If we put a 
(poionful of water into a convenient vessel, as an oil- 
iatsk, and place it over the fife, the water will soon 
>e turned into elastic vapor, which will drive out the 
lir and fill the enUMcapacity of the vessel. As soon 
M this takes plj^^B^ cork the flask and again set it 
:>Ter the fire.^^^Vsteam will increase in elastic 
power, just a^f^of air would do, which is only at 
a moderate ra^and it might be heated red hot with- 
out exerting any violent force. If we now unstop the 
fiask and fill it one third full of water, and again place 
it on 'the fire, and stop it close when it is boiling free- 
ly, then successive portions of water will be constant- 
iy passing into vapor, and, of course, the steam in the 
upper part of the vessel will be constantly growing 
more and more dense. It is important to remember, 
therefore, that when steam is heated by itself, and 
not in contact with water, its elasticity increases 
slowly, and never becomes very great ; but when it 
18 heated in a close vessel containing water, which 
makes to it constant additions of vapor, thus increas- 
ing its density, it rapidly acquires elastic force, and 
the faster the longer the heat is continued, so as 
shortly to reach an energy which nothing can resist. 
Such an accumulation of force sometimes takes place 
by accident in a steam boiler, and produces, as is 
well known, terrible explosions. 

103. If the foregoing principles are well under- 
stood, it will be easy to learn the construction and 
operation of the Steam Evrgine. Fof the sake of sim- 
plicity, we will leave ojitvriumerous appendages which 
^ • '!-^.'/- '■' 

what does the de^ee of force dspqnd? Experiment with a flask oi^ 
Heam with and wuhout water. - • 
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usually accompany this apparatus,- buf are i 
tial to the main principle. In figure 53, A i 




the boiler, C the cylinder, in which the piston 
L the condenser, and M the air-pump, B is 
pipe, branching into two arms, communic 
pectively with the top and bottom of the cyl 
K is the eduction-pipe, formed of the two 
which proceed from the top and bottom of 
der on the other side, and communicate be 
cylinder and the condenser, which is imm 
well or cistern of cold water. Each bra 
pipe has its own valve as F, G, P, Q, whi- 
evened or closed as occasion requires. R 
valve, closed by a plate, which is held d 
weight attached to a lever, and sliding on 
to increase or diminish the force at pleasur 

J03. Describe Figure 53. ^ 
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force of the steam exceeds this, it will lift the 
e and escape, thus preventing the danger of ex- 
ion. 

04. Suppose, first, that all the valves are open, 
that steam is issuing freely from the hoiler. It is 

y to see, that the steam would circulate freely 
»ugh all parts of the engine, expelling the air 
ch would escape through the valve in the piston of 
air-pump, and thus the interior spaces would be 
filled with steam. This process is called blowing 

it is }ieard when a steam-boat is about leaving 
wharf. Next the valves, F and Q, are closed, G 

P remaining open. The steam now pressing on 
cylinder, lorces it down, and the instant when it 
ins to descend, the stop-cock O is opened, through 
eh cold water meets the steam as it rushes from 
cylinder and condenses it, leaving no force below 
piston to oppose its descent. Lastly, G and P 
ig closed, F and Q are opened, the steam flows 
rom the boiler below the piston, and rushes from 
ve into the condenser, by which means the piston 
forced up again with the same power as that by 
ch it descended. Meanwhile, the air-pump is 
ang, and removing the water and air from the con- 
ser, and pouring the water into a reservoir, whence 
I conveyed to the boiler to renew the same circuit. 

05. In High Pressure engines, the steam is not 
densed, but discharges itself directly into the at- 
(phere. The puffing heard in locomotives, arises 
1 this cause. High pressure engines are those in . 
ch steam of great density, and high elastic power, 
Bed. By this means, a more concentrated foro# 
Toduced, and the engine may be smaller and more 

i. Show how the engine is set a going, andkept atwori^ 
5, Wliat l}ecomes of the steam in high pressure engines ? Whence 
« thepuffing heard in locomotives ? What are high preaaux^ «Ckr 
I ? What are their advantages over low piewsvu^ «s^i^^%\ 
10 
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compact ; but unless it is made proportionall}^ g 
er, it is more liable to explode, and when it gives 
it explodes with great violence. 



CHAPTER V. 
METEOROLOGY. 



OENBRAL OBJECTS OP THE SCIENCE— EXTENT, DSN8ITT AND 
PERATURE OP THE ATMOSPHERE — ITS RELATIONS TO WAT 
RELATIONS TO HEAT — RELATIONS TO FIERIT METEORS. 

106. Meteorology is that branch of Natural 
losophy which treats of the Atmosphere. In P 
matics, we learn the properties of elastic fluid 
general, on a small scale, and by experiment rf 
than by observation ; but in Meteorology, we es 
our views to one of the great departments of na 
and we reason, from the known properties of aii 
vapor, upon the j)henomena and laws of the entire ' 
of the air, or the atmosphere. Meteorology 1 
us to consider, first, the description of the atmosp 
itself, including its extent, condition at difif< 
heights, and the several elements that compose 
secondly, the relations of the atmosphere to vmte, 
eluding the manner in which vapor is raised intc 
atmosphere, the mode in which it exists there, 
the various ways in which it is precipitated in the 
of dew, fog, clouds, rain, snow and hail ; thirdly, 
tejations of the atmosphere to heat, embracinc 
motions of the atmosphere as exhibited on a a 
scale, in artificial draughts and ventilation ; an 
a large scale, in winds, hurricanes, and tomad 

106. Define Meteorology. Honv diatiueaished from Pnefumal 
What diferent subjects doea '^eleoroYo^ \e«!\\i% v^ ^csq&v^x X 
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finally, in the relations of the atmosphere to fiery me- 
tears, as thunder and lightning, aurora borealis, and 
shooting stars. 

Sec. 1. Of the Extent , Density y and Temperature 
of the Atmosphere. 

107. The atmosphere is a thin transparent veil,*^ en- 
veloping the earth, and extending to an uncertain 
lieight, but probably not less than one hundred miles 
above it. Since air is elastic, and the lower portions 
next to the earth sustain the weight of the whole body 
of air above them, they are compressed by the load, 
as air would be under any other weight. As we as- 
cend above the earth, the air grows thinner and thin- 
ner very fast, so that if we could rise to the height of 
seven miles in a balloon, we should find the air four 
times as rare there as at the surface of the earth. The 
air is, indeed, much more rare on the tops of high 
mountains than at the level of the sea ; and at a height 
much greater than that of the highest mountains on 
the globe, man could not breathe, nor birds fly. The 
upper regions of the atmosphere are also very cold. 
As we ascend high mountains, even in the torrid zone, 
the cold increases, until we finally reach a point 
where water freezes. This is called the term of con- 
gelation. At the equator, it is about three miles high ; 
but in the latitude of 40, it is less than two miles, 
and in the latitude of 80, it is only one hundred 
and twenty feet high. Above the term of congela- 
tion, the cold continues to increase till it becomes 
exceedingly intense. The clouds generally float be- 

* low the term of congelation. Mountains, when very 
ligh, are usually covered with snow all the year 

■ "i — i ■ — ■ — - — - 

s4 107. Give agencral description of the atmosphere, as to its height — 

^•? isnaityftt diflferent heighte— <Jold of the upper tegioiis— =wVy»X S&>Ocka 

. ^ttmoioaagolMlhn? ifow lii^h at the equator 1 AX A^ vui^'^ ^ 
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omid, 07611 in t1i6 wtnoest cottMlinlinMnl^ bM 
.hey are above this boundaiy. 

Sec. 2. Of the Relations tf th$ Alam^tm 
Water. 

108. Besides common air, the almosphfln d^ 
contains more or less wateiy fnmaif, a mimiia 
of fixed air, or carbonic add, and tarions exha 
which are generally too snbtile io be eolIeete8 
separate state. By the heat of the aim, the 
on the surface of the earth are daily sendiiig ' 
atmosphere vast quantities of wateiy rtpat^ 
rises not only from seas and lakes, but otob fl 
land, wherever there is any moistnre. The tqpod 
raised, either mixes with the air and remains n 
ble, or it rises to the higher and colder tegionSyl 
is condensed into cloids. Sometime^ aaeidi 
causes operate to cool it near the surface of tho v 
and then it forms fogs. It returns to the earth f 
forms of dew, and rain, and snow, and hail. 

109. Dew does not fall from the sky, but is A 
ed from the air on cold surfaces, just as the 
moisture is, which we observe on a tumbler ' 
water in a sultry day. Here, the air coming 
tact with a surface colder than itself, has a p< 
the invisible vapor contained in it condec 
water. In the same manner, on clear and sti 
which are peculiarly favorable to the fori 
dew, the ground becomes colder than the a' 
latter circulating over it, deposits on it i 
things near it, a portion of its moisture. 

not form on all substances alike that are ' 

106. What other elastie fluids betides air does the « 
tain? .Whence is the wateiy rapor derived? What' 
100. Howis dew {ormedl Does dew form on all si 
What receire the moat 1 W^aX lecevie tAik!&'\ 
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posed to it. Some substances on the surface of the 
earth, are found to grow colder than others, and these 
T'eqeive the greatest deposit of dew. Deep water, as 
tliat of the ocean, does not grow at all colder in a sin- 
gle night, and therefore receives no dew ; and the 
naked skins of animals, being warmer than the air, 
X'eceive none ; although the moisture which is con- 
stantly exhaled from the animal system itself, as soon 
SB it comes into contact with the colder air that sur- 
irounds the person, may be condensed, and moisten 
^e skin or the clothes in such a way as to give the 
appearance of dew. In this manner, also, frost 
^which is nothing more than frozen dew,) collects, in 
cold weather, on the bodies of domestic animals. By 
a beautiful provision of Providence, dew is always 
guided with a frugal hand to those objects which are 
most benefited by it. Green vegetables receive much 
mote than naked sand equally exposed, and none is 
squandered on the ocean. 

110. Rain is formed in the atmosphere at some 
distance above the earth, where warm air becomes 
cooled. If it is only cooled a few degrees, the mois- 
ture may merely be condensed into cloud ; but if the 
cooling is greater, rain may result ; and when a hot 
portion of air, containing, as such air does, a great 
quantity of watery vapor in the invisible state, is 
suddenly cooled by any cause, the rain is more abun- 
'^ dant, or even violent. In such cases, it may have 
' been cooled by meeting with a portion of colder air, 
u when a warm south-westerly wind meets a cold 
' nortbirester, or by rising into the upper regions near 
the term of congelation. In some parts of the earth, 
'^_~ as in Egypt, and in a part of Chili and Peru, it sel- 
'.' dom or never rains, for there the winds usually blow 

. 110. Wliere is rain formed, and how ? When is the precipitatioiL 
-^ i» ths fonn o[ cloud 7 When of rain T When \r t]hft wml TycAstLX*^ \a. 
10* 
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Steadily in one direction, and encounter none of thw 
mixtures with colder air which form ndn. In lod 
other countries, as the north-eastern part of Soal| 
America, the rains are excessive ; and in othersy i 
most tropical countries, the rains are periodical, bcd^ 
very copious at particular periods called the raiaj 
seasons, while little or none falls doling the other put 
of the year. 

Ill, Snow is formed from vapor ci^atallised b 
cold instead of uniting in drops. By this nseans it ^ 
converted into a light downy snbstance, which fid^ 
gently upon the earth, and forms a covering that coi 
Ines the heat of the earth, and furnishes an <Mltniw*Mi 
defence of the vegetable kingdom, during winter, in m 
vere climates. In cold climates, flakes of snow con«i{ 
of regular crystals, presenting many curious fignn^ 
which, when closely inspected, appear very l»sfl4 
ful. Nearly a hundred distinct forms of these cxystil 
have been particularly described by voyagers m tk 
polar seas, a specimen of which, as they appear und* 
the magnifier, are exhibited in the following diagrao 

Fig. 64. 




When a body of hot air becomes suddenh 
intensely cooled, the watery vapor is frozer 
forms hail. The most violent hailstorms are / 
by whirlwinds, which carry up bodies of hot 
beyond the term of congelation, where the d 

what different ways is the hot air cooled ? Where does it n* 
Why ? Where are the rains excessive ? Where periodic; 
HI. Snow, how formed ? What purpose does it serve ' 
imuuierdoes it crystalize, and in how many different form 
in bail formed 7 How aie ^e most 'vioVefiXVAil storms foim» 
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rain are frozen into hailstones, and these being sus- 
tained for sometime by the upward force of the whirl- 
vrind, accumulate occasionally to a very large size. 
Hailstorms are chiefly confined to the temperate zones, 
and seldom occur either in the torrid or the frigid 
zone. In the equatorial regions, the term of congela- 
tion is so high, that the hot air of the surface, if rais- 
ed by a whirlwind, would seldom rise beyond it ; and 
in the polar regions, the air does not become so hot 
as is reared to form a hailstorm. 

^£C. 3. ,0f the Relations of the Atmosphere to 
Heat. 

1 12. It is chiefly by the agency of heat, that air is 
put in motion. If a portion o/* air is heated more than 
the surrounding portions, it becomes lighter, rises, and 
the surrounding air flows in to restore the equilibrium ; 
or if one part be cooled more than another, it contracts 
in Tolume, becomes heavier, and flows ofl" on all sides 
iin(il the equilibrium is restored. Thus the air is set 
in motion by every change of temperature ; and as 
such changes are constantly taking place, in greater 
or less degrees, the atmosphere is seldom at rest at 
any one place, and never throughout any great extent. 
The most familiar example we have of the eflfects of 
heat in setting air in motion, is in the draught of a 
^ chimney. When we kindle a fire in a fire-place, or 
stove, it rarefies the air of the chimney, and the denser 
ur from without rushes in to supply the equilibrium, 
carrying the smoke along with it. Smoke, when cool- 
ed, is heavier than air, and tends to descend, and does 

haO stones acquire so large a size 7 To what regions are hail storms 
chiefly confined ? Why do they not occur in the torrid and frigid 
^ Bones? 

112. Bv what agent is air put in motion ? Describe the process. 
How is tne draught of a chimney caused X Why doe^ vroo^Lfi «acj«!kii\ 
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descend unless borne up by a current of heated air. 
hot current of air in a chimney, is cooled much mi 
rapidly when the materials of the chimney are dai 
than when they are dry, and therefore it will cool mi 
faster in a wet than in a dry atmosphere. Hen 
chimneys are apt to smoke in wet weather. It is 
sential to a good draught, that the inside of a chimr 
should be smooth, for air meets with great resistai 
in passing over rough surfaces. Burning a chimr 
improves the draught, principally by lessening^he fi 
tion occasioned by the soot. In stoves for bum! 
anthracite coal, it is important to the draught, that 
air should get into the chimney except what gi 
through the fire. On account of the great resistac 
which a thick mass of anthracite opposes to air, ti 
will not work its way through the coal if it can \ 
into the chimney by any easier route. Hence 1 
pipes which conduct the heated air from a stove 
the chimney, should be close, especially the jo 
where the pipe enters the chimney ; and care shoi 
be taken, that there should be no open fire-place, 
other means of communication, between the exten 
air and the flue with which the stove is connected. 
113. It is important to health, that the apartments 
a dwelling-house should be well ventilated. This is < 
pecially tlie case with crowded rooms, such as chur< 
es and school-houses. Of the method of ventilati 
churches, a beautiful specimen is afforded in the C< 
tcr Church, in New Haven. In the middle of 1 
ceiling, over the body of the church, is an openi 
through the plastering, which presents to the e 
nothing but a large circular ornament in stucco. 0^ 
this, in the garret of the building, a circular enclosi 

Why do chimnf vs smoke in wet weather ? Why Khould a chimi 
bo smooth ? Why does burning a chimney improve the draugl 
What precautions are necessary in burning anthracite coal, in ordei 
Mecure a good dna^il 
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>f ivood is constructed, on the top of which is built 
ai lai^e wooden chimney, leading off, at a small rise, 
to the end of the building, where it enters the steeple. 
An upper window of the steeple being open, in warm 
breather, the current sets upward from the church into 
tbe chimney, and thence into the tower, and com- 
pletely ventilates the apartment below. A door, so 
btmg as to be easily raised or lowered by a string, 
leading to a convenient place at the entrance of the 
church, can be opened or closed at pleasure. In cold 
'iveather, it will generally be found expedient to keep 
it closed, to cut off cold air, opening it only occasionally. 
A. school-house may easily be ventilated by a similar 
oontrivance connected with a belfry over the center, 
^8 is done in several sehool-houses recently built in 
l^ew England. 

114. ^ature, however, produces movements of the 
atmosphere on a far grander scale, in the form of 
IVinds. These are exhibited in the various forms of 
l>reeze8, high winds, hurricanes, gales, and tornadoes ; 
"varieties depending chiefly on the different velocities 
^ith which the wind blows. A velocity of twelve 
miles an hour, makes a strong breeze ; sixty miles, a 
high wind ; one hundred miles, a hurricane. In some 
eijreme cases, the velocity has been estimated as high 
as three hundred miles an hour. The force of the 
Mrind is proportioned to the square of the velocity ; a 
speed ten times as great, increases the force a hun- 
dred times. Hence, the power ef violent gales is 
irresistible. Air, when set in motion, either on a small 
or on a great scale, has a strong tendency to a whirl- 
ing motion, and seldom moves forward in a straight 
line. The great gales of the ocean, and the small 

113. Ventilation in what cases is it important ? How effected in 
^nrchei — ^how in school-houses ? * rm i'^ i. 

114. Specify the diffcrent varieties of winds. State tro wlocfly of 

I breeze— of a high wind — of a hurricane. How is iVve foTce c^ ^ V\xA. 
finpoitiaoed to the velocity 7 Tendency of air lo ai v^iiVm^mo^lvaTx, 
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tornadoes of the land, often, if not always, exhiM 
more or less of a rotary motion, and sometimes st>pMB 
to spin like a top around a perpendicular axis, at M 
same time that they advance forward in some grert 
circuit. 

115. Meteorological Instruments. The piit»' 
cipal of these are the Thermometer, the Barometefi 
and the Rain Gage. The principle, construction, itti 
uses of the Barometer, have already been pointed oi^ 
(Arts. 96 and 97.) Since it informs us of the change! 
that take place in the weight and pressure of the il» 
mosphere, at any given place, on which depend moil 
of the changes of weather, it becomes of great aid il 
the study of Meteorology, and has, in fact, led to thi 
knowledge of most of the laws of atmospheric pl^ 
nomena hitherto established. We should, in par> 
chasing, be careful to select an instrument of goal 
workmanship, for no other is worthy of confidemMl 
We should suspend it in some place where there is I 
free circulation of air — as in an open hall, having n 
outside door — and we should take the exact height d( 
the mercury at the times directed below for recording 
the thermometrical observations. In case the barom- 
eter is falling or rising with unusual rapidity, ohserf^t 
tions should be recorded every hour, or even odeiMl 
as such observations afford valuable means of com' 
parison of the states of the atmosphere at differol 
places. ^ 

116. The Thermometer is an instrument used kd 
measuring variations of temperature by its effects m 
the height of a column of fluid. As heat expands an^ 
cold contracts all bodies, the amount of expansion oil 
contraction m any given case, is made a criterion cl 

1 15. What arc the three leading meteorological instruments't Gn^ 
value of th^barometer. Rules for selecting a barometer and 1^ fllH 
ierving. \ 

116. For what is the thermometer used 7 What shows the 
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bange of temperature. Fahrenheit's thermome- 
16 one in common use, consists of a small glass 
called the stem, with a bulb at one end, and a 
at the side. The bulb and a certain part of the 
ire filled with mercury. The scale is divided 
3grees and aliquot parts of a degree. If we dip 
ermometer into boiliug water, the mercury will 
i and rise in the stem to a certain height, and 
remain stationary. We will, therefore, mark 
)int on the stem, and then transfer the thermom- 
I a vessel where water is freezing. The mer- 
aow descends to a certain level, and remains 
stationary, as before. We mark this point, and 
18 obtain the two most important fixed points on 
ale, namely, the freezing and boiling points of 
We will now apply the scale, and transfer 
marks from the stem to the scale, and divide the 
* the scale between them into 180 equal parts, 
aing the same divisions below the freezing point 
prees, where we make the zero point, and there 
the graduation from to 32, the freezing point, 
I on 180 degrees more, to 212, the boiling point. 
I best times for making and recording observa- 
are when the mercury is lowest, which occurs 
3un-rise, and when it is highest, which is near 
clock in winter, and three in summer. The 
■ these observations, divided by two, gives the 
e, or mean^ for the twenty-four hours ; the sum 
daily means for the days of a month, give the 
for that month; and the monthly averages, divi- 
' twelve, give the annual mean. By such ob- 
ons, any one may determine the temperature of 
ice where he resides. 

-.. ' "■' ■ ■ '■ I ■ .4 

srature ? Describe Fahrenheit's thermometer. How do we 
1 the boiling and freezing points of water t Into how many 
is the space between them rtivided ? Where is the zero point, 
rhat degrees are the freezing and boilia^ points ? How to fis4 
% nMDtuy, and annual means ? 
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117. mile climate of the United Su 
riebley and the amraal range of the tl 
greater than in most other countries. 
140^, extending jfiom 40^ below zero, (i 
--40^,) to 100^ above. In the souther 
England, the mercury seldom rises al 
descends but a few times ^n the wint 
Froi|i 70^ to 80^ is a moderate sununer I 
the equatorial regions of the earth a 
hotter than places either north or eouti 
seen that the temperature of a place de 
ous other circumstances as well as o 
(Arts. 82 and 107.) 

118. The Ram Gi^ IB 
^^ employed for ascertaining 
watjsr that falls from the sk; 
forms of rain, snow, and h 
plest form is a tall tin cylin 
nel-shaped top, having a ^ 
tube communicating with 
rbing on the side* The \ 
at the same level in the ti 
cylinder, and the divisions 
be sueh as to indicate mir 
inch, and thus determine the depth of Tc 
the area of the funnel, suppose a squa: 
the rain is over, the water may be rem 
of the stop-cock, and the apparatus wi 
a new observation. It is useful to kn 
of rain that falls annually at any given 
in reference to a knowledge of the cl 
for many practical purposes to which m 

117. What is said of the climate of the United Si 
annual raiure of the thermometer 7 In New £n 
range ? What is a moderate summer heat ? 

118. What is the Rain Gage? Explain the si 
to find the aokount of rain fallen 7 Why is it i 
amouat of xaiathalt WbI 




aediiig canals, tomiiig madit&efjr^Sirflpk 

. Cf the Relations if ike jimtftyhmUpfrnf 

lie laminoos phenomtto^-whiAfftfimiifrik^ 
ame of '' fiery meteon ^'^ aj^; Titmiifr %Mtms 
kirealis, atid Shootiaf 01IOW. fhMm m§ 
bowers of rain, in liot wt^uAi^^ W¥ imkMf 
lied by thunder aad higuAAimp *t1m iJi^ 
wing to the sadden diiK^lwi^^ iif ^ti^KH^iy^ 
bunder is ascribed to liM; ttmtiun i^^i^^KW 4i^ 
site portions of air^ iiml wr^ ibv>4^ V|< iUip 
»f the electric current. ?*iM^ mt^f^^ ^ # 
ends on the same jpruntAfifif «# # 4!to|p ^ihm^ 
e lash divides tJbe air^ niud 14m; iMr«^M«k m^ t fi 
e opposite part« W vs^^m^ i^ ^^tUMW'MK^^ 
the sound* ^yumv^ iM lii^ ># /H^Mti^ 
d, a great amaaut <#f «M4^jb^ ib ««Mi*iliM»4' 
amulates in the d^od, ttwIiU ii ^e^^MiMCiM^ f^^A 
) leap from that l# wwii; Mdiiiir ^iviirf^^iV IIU^ 
to some ob|ect Mar jl^ «sm4 1ilM» <k» 4«li^4k^ 
8 place. 

'he Aurora B^4>dU^ m Kwdmm Ijlj^^ ^t94 
larkable in the y^ Wfipmm^iMAm^ ^t^44^m 
seen in the torrid tm^^. T^pf ^^ m^^i m tm 
nerely the tpfftmrn^ ^4 # Umn^H h 1^0 
mietimes iJt»^ lAifi^A w m 0$i r^w i m f0^ m 4^ 
ckenng Udbi, caiJiM iferyy tMtttmMi m ff m - 

id oiM% lartly 11^7 ^Mnw » <9i«^ 
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enr ^aflHag oi^^^ll sides of it, a little so 
zenithTRiied jti^l^T-Qna. The aurora I 
equally preva BM Biall ages, but has part 
of visitation, wlUT ^intervals of many 
more prevalent in the autumnal months 1 
parts of the year, and usually is most & 
earlier parts of the night, frequently kin 
great splendor about 1 1 o'clock. From 
inclusive, was a remarkable period of a 
cause of this phenomenon is not knowr 
erroneously ascribed to electricity, or m? 
it is probably derived from matter found 
etary spaces, with which the earth falls 
revolving around the sun. 

121. Shooting Stars are fire-balls wl 
the sky, appeai^^ng suddenly, moving w 
velocity, and as suddenly disappearin 
leaving after them a long train of ligh 
occasionally observed in great numbers, 
are called Meteoric Showers. Two peric 
are particularly remarkable for these dis 
the 9th or 10th of August, and the IJ 
November. The most celebrated of t 
occurred on the morning of the 13th 
1833, when meteors of various sizes 
of splendor, descended with such 
to give the impression that the stars v> 
from the firmament. The exhibition 
equally brilliant in all parts of North 
lasted from about 11 o'clock in the evenii 
This phenomenon began to appear in 
the world, as early as November, 1830, 



varieties. Is it equally prevalent in all ages ? Wh 
ble period ? Is its cause known ? To what has it t 
what part of the year is it most frequent ? 

J 21. What are shooting stars? What two ppri< 
remarkable (or tVieii occutienctl 'WVco. ^^\Jcw^ 
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)r St tbe same period of the year, eT«f)r yHtf 
I, when it reached its greatest height. It 
ated on a smaller scale, ererj year, imtil 
;e which time nothing reanrkabie has beeiL|^'*^ 
at this period. The meteoric shower of 
ill (1843) continues. Meteoric showers ap- 
rise from portions of a boily iissembling a 
hich revolves about the son, aad sometimes 
near the earth that portions of it are attracted 
the earth, and are set on ^rejLB they pass 
le atmosphere. ' 



CHAPTER VI, 
ACOUSTICS. 

MOTION— VBLOCITT OF MOVTdh^ntrLZXlOlf CIW fOVKIH- 
ICAL SOUNDS— ACODSTIC Tt'BSS— SfSTHOftCOF£, 

.cousTics (a term derived from a Greek word 

[nifies to hear,) is that branch of Natural Phi' 

hich treats of sound, Sound is produced by 

lions of the particles of a sounding body. 

brations are communicated to the air, and 

the ear, which is furnished with a cunous 

specially adapted to receive them and coq- 

. to the brain, and thus is excited the sen- - 

hearing. Vibration consists in a motion 

irticles of a body, backwards and forwards^ 

n exceedingly minute space. The particles 

contact with the body, receive a correspond- 

n, each particle impels onb before it, and re- 



r? Descrii« this shower. Wkoice do meteoric showen 

le Acoustics. How is sound produced ? In what does 
laiAt i>ae«itJapIyaprog^eMive iiw!Uoa\ HfV^aX \y>- 
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bounds,* and thus tlie motion is propagated from parti- ^ 
cle to particle, from the sounding body to the ear. \ 
Such a vibratory motion of the medium, does not im- \ 
f ply any current or progressive motion in the medium I 
itself, but each particle recovers its original situatioa ^ 
when the impulse that produced its vibration ceasei. 
Elastic bodies being most susceptible of this vibratmir 
motion, are those which are usually concerned in tlie 
production of sound. Such are thin pieces of board, 
as in the violin ; a steel spring, as in the Jewsharp ; t 
glass vessel, Aid cords closely stretched ; or a cdim 
of confined air, as in wind instruments. If we stretdi 
a fine string between two fixed points, and draw it ool 
of a straight line to A, and then let it go, it will pro- 
ceed to nearly the same distance on the other side, to 

Fig. 56. 




A: 



E, whence it will return to B, and thus continue to 
vibrate through smaller and smaller spaces, until it 
comes to a state of rest. When we throw a sume 
upon a smooth surface of water, a circle is raised im-' 
mediately around the stone ; that raises another cirdo 
next to it, and this another beyond it, and thus tlto 
original impulse is transmitted on every side. Thii 
example may give some idea of the manner in which 
sound is propagated through the air in all directioos 
from the sounding body. 

dies are most susceptible of vibratioii I Give examples. Detoab* 
Fi^. 56. What takes place when a stone is thrown on water ? 
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23. Although air is the usual medium of sound, 
it is not the only medium. Solids and liquids, 
n they form a direct communication between tlie 
iding body and the ear, conduct sound far better 
I air. When a tea-kettle is near boiling, if we 
y one end of an iron poker To the kettle, and put 
other end to the ear, we may perceive when the 
3r begins to boil, long before it gives the usual 
s. If we attach a string to the head of a fire-shovel, 
winding the ends around the fore fingers of both 
is, apply them to the ears, and then ding the shovel 
nst an andiron, or any similar object, a sound 
be heard like that of a heavy bell. The ticking 
. watch may be heard at the remote end of a long 
, or beam, when the ear is applied to the other 
; and if the watch is let down into water, its beats 
distinctly heard by an ear placed at the surface. 
3II struck beneath the water of a lake, has been 
d at the distance of nine miles. Air is a better 
iuctor of sound when moist than when dry. Thus, 
hear a distant bell or a water-fall with unusual 
nctness just before a rain, and better by night than 
lay. Air conducts sound better when condensed, 
worse when rarefied. On the tops of some of the 
I mountains of the Alps, where the air is much 
fied, the sound of a pistol is like that of a pop-gun. 
14, The velocity of sound in air is 1 1 30 feet in a 
»nd, or a little more than a mile in ^ve seconds, 
this principle, we may estimate the distance of a 
ider cloud, by the interval between the flash and 
report. For example, an interval of five seconds, 
s 1130x5=5650 feet, or a little more than a 
I. A feeble sound moves just as fast as a loud 

t. Is air the only medium of sound ? Gonductin| power of solids ■ 
quids ? Experiment with a tea-kettle — ^with a nre-shovel — with 
«h. Conducting power of moist air ? — Of rarefied air ? 
t. Telocity of sound. How to estimate the distance of a thunder 
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one. Its velocity is not altered by a high wind in t 
direction at right angles to the course of the wind; 
but in the same direction, the comparatiyely small 
velocity of the wind is to be added, and in the oppo- 
site direction to be subtracted. In water, the vetooty 
of sound is about four times as great as in air, beiBf 
4709 feet per second ; and in cast iton its velocity is 
more than ten times as great as in air, being no len 
than 11,895 feet per second. 

125. Sound is capable of being reflected^ and is thai 
sometimes returned to the ear, forming an echo, Thua, 
the sound of the human voice is sometimes retiirned 
to the speaker, or other persons near him, in a repeti- 
tion usually somewhat feebler than the original sound; 
but it may be louder than that, if several reflectsl 
waves are unitedly conveyed to the ear. When OM 
stands in the centre of a hollow sphere or dome, at* 
raerous waves being reflected from the concave so^ 
face so as to meet in the centre, a -sound originallf ^ 
feeble becomes so augmented as to be astounding. A 
cannon discharged among hills or mountains, reverbe- 
rates in consequence of the repeated reflexions of the v^, 
sound. 

126. A sound becomes musical when the vibration! 
are performed with a certain degree of frequency. 
The slow flapping of the wings of a domestic fowl hai 
nothing musical ; but the rapid vibration of the winp 
of a humming bird, produces a pleasant note. The 
slow falling of trees before a high wind, is attended 
with a disagreeable crash ; the rapid prostration of the 
trees of a forest by a tornado, with a sublime roar, 
A string stretched between two points, and made to 

cloud ? Velocity of a feeble sound— effect of a high wind ? Velocily 
of sound in water ? 

125. Echo, how produced— when louder than the original soandf 
Effect of a dome — of a cannon among hills ? 

i26. How a sound becomes musical ?— examples in the wings «f 
iiirds—m fidliag troas—in & VibnXVxi^titrv-av ^o-w ^sm« incieating tb* j 



npf 



5 Terr dcnrlr. k» BtfAoi^ —iFii J ; l«t wWiii 
ision is mc iejacd , mmd. ike Tftrati—s qpBclL«Mii, 
»te grows mdodiiwiw TVe stiutss of m tmIoi 
ifTerent sounds m coBseqpesce of aJfoiilui^r Tt-> 
is mOTe or less n|Hd. TVe ki^er scru^ IttT* 
»wer Tibntkms, mtkxd fiarer Boies. Tlie screws 
t us to alter tlie decree of tension, lad thus to 
se or diminish the waoBher of ribn^dofis at ple«* 
and by apphring the fin^rs to the struts, we 
lorten them more or less, producing sounds more 
( acute, by increasing the ninnber of Tibntions 
[Ten time. In wind instiuments, as the flute, 
crating body which produces the musical tone is 
lunm of air included within. This, by the im* 
given by the mouth, is made to ribrate with the 
ite frequency, which is varied by opening or 
y the stops with the fingers. The shorter the 
n, the more rapid is the vibration, and the more 
the sound ; and the length of the vibrating col* 
; determined by the place of the stop that is open- 
i higher stops giving sharper sounds because the 
ng columns are shorter. The pipes of an organ 
on a similar principle, the wind being supplied 
mellows instead of the breath. In certain instru- 
, as the clarinet and the hautboy, the vibrations 
st communicated from the lips of the performer 
3ed, and from that to the column of air. 
'. Sounds differing from each other by certain 
als, constitute musical notes. The singing of 
affords sweet sounds but no music, being uttered 
luously and not at intervals. Man only, among 
Is, has the power of uttering sounds in this man- 



, the size, or the length of the string, aflfect the pitch ? Ex- 
a the violin. What produces the musical tone in wind inatru- 
Why does opening or closing the stops, alter the pitch f 
I the use of a reed. 

What soonds constitute musical notes ? Why is not thfi %\ti%o 
ixds mono ? Why is man alone capabU o{ uX\AinA%m>^\^«^ 
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ner ; and his voice alone, therefore, is endued wil 
the power of music. . Music becomes a branch 
mathematical science, in consequence of the relati( 
between musical notes, and the number of vUn'otim 
that produce them respectively. Although we cann 
say that one sound is larger than another, yet we ci 
say that the vibrations necessary to produce one soin 
are twice or thrice, or any number of times, more fr 
quent than those of another ; and the number of vibn 
tions necessary to produce one note has a fixed rat 
to the number which produces another note. Tbn 
if we diminish the length of a musical string one hal 
we double the number of vibrations in a given tiim 
and it gives a sound eight notes higher in the seal 
than that given by the whole string, and is called i 
octave. Hence, these sounds are said to be. to eac 
other in the ratio of 2 to 1, because this is the ratio < 
the numbers of vibrations which produce them, 
succession of single musical sounds constitute tnelodi 
the combination of such sounds, at proper interval 
forms chords ; and a succession of chords, produa 
\armony. Two notes formed by an equal number > 
vibrations in a given time, and of course, giving tl 
same sound, are said to be in unison. The reiatic 
between a note and its octave is, next after that of tl 
unison, the most perfect in nature ; and when the t« 
notes are sounded at the same time, they almost ei 
tirely unite. Chords are produced by frequent coint 
deuces of vibration, while in discords such coinc 
dances are more rare. Thus, in the unison, the t 
brations are exactly coincident ; in the octave, the V^ 
coincide at the end of every vibration of the long< 
string, the shorter meanwhile performing just tw 
vibrations ; but in the second, the vibrations of the tw 

sounds 1 How does music become a branch of mathematical science 
Example in a musical string. Define melody, chords, harmony, un 
Bon. tiow are chords produced ? How discords ? 
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rings coincide only after eight of one string and nine 
* the other, and the result is a harsh discord. 

128. When an impulse is given to air contained in 
a open tube, the vibrations coalesce, and are propa- 
ated farther than when similar impulses are made 
Q the open air. Hence the increase of sound effect- 
d by horns and trumpets, and especially by the speak- 
ag trumpet. Alexander the Great is said to have 
ad a horn, by means of which he could give orders 
' his whole army at once. Acoustic Tubes axe em- 
oyed for communicating between difierent parts of 
large establishment, as a hotel, or manufactory, by 
s aid of which, whatever is spoken at one extremity is 
ard distinctly at the other, however remote. They 
i usually made of tin, being trumpet-shaped at each 
d. They act on the same principle as the speaking 
mpet. The Stethoscope is an instrument used by 
ysicians, to detect and examine diseases of the lungs 
i the heart. It consists of a small pipe of wood or 
»ry with a funnel-shaped mouth, one of which is ap- 
ed firmly to the part affected and the other to the 
r. By this means the processes that are going on 

the organs of respiration, and in the large blood 
ssels about the heart, may be distinctly heard. 

.28. Explain the effect of horns and trumpets. Use of Acoustic 
bes. how made ? Explain the ponstruction and use of the Stetbo- 
>pe. 
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ELECTRICITY.* 

DEFINITIONS — CONDUCTORS AND NON-CONDUCTORS — A 
AND REPULSIONS — ELECTRICAL MACHINES — LEYDEN 
TRICAL LIGHT AND HEAT — THUNDER STORMS — LIQH 
— EFFECTS OF ELECTRICITY ON ANIMALS. 

129. More than two thousand years a 
phrastus, a Greek naturalist, wrote of a sub 
call amber, which, when rubbed, has the p 
attracting light bodies. The Greek name, 
was electron, [ylexTgoy,) whence the scienc 
nominated ELECTRiciTy. The inconsideral 
ment mentioned by Theophrastus, was neai 
the ancients knew of this mysterious agei 
two or three centuries past, new properties 
successively discovered, and new modes o 
lating it devised, until it has become one o 
important and interesting departments of n 
ence. It is common to call this power, v 
is, the electric fluid, although it is of too 
nature for us to show it, as we do air, and 
it possesses the properties of ordinary matte 
it is more like an elastic fluid of extreme r 
like any thing else we are acquainted with 
venient to denominate it a fluid, although we 
little of its nature. 

130. Some bodies permit the electric flu 
freely through them, and are hence called c 
others hardly permit it to pass through them 

•The experiments hi this chapter ai-eso simple, and require 
ratiia, that it is hoped the learner will gi'JUMsiliy have the adv 
iK-ssint^ them, which will add much more than mere descri| 
provement and ^^ratification. 

129. Explain the name electricity. What did the anci 
this sfrience ? ks progress within two hundred years? 
tricity called a flwid { 
130. Define conductota and Tvoiv-c-otvfiL\ic\«t^. ^v^% 
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erefore called non-conductors. Metals are the 
mductors ; next, water and all moist substances ; 
xt, the bodies of animals. Glass, resinous sub- 
s, as amber, varnish, and sealing wax ; air, silk, 
cotton, hair, and feathers, are non-conductors. 
, stones, and earth, hold an intermediate place : 
ire bad conductors when dry, but much better 
moist ; and air itself has its non-conducting 
greatly impaired by the presence of moisture, 
icity is excited by friction: If I rub the side of 
glass tumbler, or a lamp chimney, on my coat 
, the electricity excited wiir manifest itself by 
ing such light substances as bits of paper, cot- 
down. A stick of sealing-wax, when rubbed, 
ts similar effects. When an electrified body is 
ted by non-conductors so that its electricity can- 
3ape, it is said to be insulated. Thus, a lock of 
suspended by a silk thread is insulated, because 
;tricity be imparted to the cotton, it remains, 
it cannot make its escape either through the 
, or through the air, both being non-conductors, 
js ball supported by a pillar of glass is insulated ; 
len supported on a pillar of iron or any other 
it is uninsulated^ since the electricity does not 
1 in the ball but readily makes its escape through 
etallic support. By knowing how to avail our- 
of the conducting properties of some substances, 
e non-conducting properties of other substances, 
Q either confine, or convey off the electric fluid 
isure. 

. There are a number of different classes of 
mena which electricity exhibits ; as attraction 
pulsion — heat and light — shocks of the animal 
1 — and mechanical violence. These will suc- 

[low is conducting power affected by moisture ? How -is elec- 
xcited? When is a body insulated? Give examples of in.- 
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cessively claim our attention ; but as the properties d 
electricity were first discovered by experiment, so it 
is by experiments, chiefly, that they are still to bi 
learned. We will therefore describe first, a few m 
experiments as every one may perform for himself 
and afterwards such as require the aid of an electricd 
machine. 

Sec. 1. Of electrical Attractions and RepuUians* 

132. For a few simple experiments, we will stretdM 
wire horizontally between the opposite walls of aroo^ 
or between any two convenient points, as representel 
in figure 57. This will afford a convenient suppcxt 

Fig. 57. 





a 



for electroscopes y as those contrivances are called, whick 
are used for detecting the presence and examining tfa^ 
properties of electricity. A downy feather, a lock rf 
cotton, or pithballs,* are severally convenient substan* 
ces for electroscopes. To one of these, say a pith- 
ball, we will tie a fine linen thread, about nine inchei 
long, and suspend it from the wire, as at a. By 
slightly wetting the thumb and finger and drawing the 

*The pith of elder, of com stalk, or of dry italks of the artichoke, it • 
able for this purpose. 



131. What different classes of phenomena does electricity eihibiti 
Use of experiments. 

132. Describe the apparatus in Fig. 57. How is the tube ejtcitedl 



BLBCTRICIT7. 193 

id through them, it becomes a good conductor and 
slectroscope is therefore uninsulated. We will 
take a thick glass tube and rub it with a piece of 
(or a dry silk handkerchief,) by which means the 
will be excited, and on approaching it towards 
iectroscope, tlie pith-ball will be attracted towards 
at b, and may be led in any direction by shifting 
osition of the tube ; or if the tube be brought 
sr, the ball will stick fast to it. We will next 
$nd two other balls, c and J, by silk threads, in 
b case they will be insulated. If we now ap- 
h the excited tube, the balls will first bcf attracted 
but as soon as they touch it, they will fly oflf, and 
abe when again brought towards them will no 
r attract but will repel them, and they will mutU' 
epel each other as in the figure ; and if the lock 
reads, e, be electrified, they will also repel each 
A stick of sealing wax excited and applied to 
lectroscopes will produce similar eflfects* liat if 
rst electrify the ball with glass and then bring 
it the sealing wax, previously excited, it will not 
the ball^, as the excited tube does, but will first 
t it as though it were unelectrified, and then rs^ 
; and now the excited glass tube will aUrsei it, 
e it appears that the glass and the sealing was, 
excited, produce opposite eflfeets : what cms at* 
the other repels. £ach repels its own, \nii nU 
the opposite. Glass repels a body el«ctrifi#»d 
elf, but attracts a body electrified by sealiriK was ; 
ealing wax repels a body electrified by its^^lf, l;tit 
ts a body electrified by glass. In the Atiurttf h 
sents two balls diferently electrified, one \fy glass 
le other by sealing wax, and therefr/re attra#;ting 
other. Tliis fact has led to the conelimi/m, thai 

Mrhen uplled to ihtu uninsmlaU^ httO— to tlM unitiUiUtti Ml# iff 
nds. Deieribe the effects wbca mii\ui% Wfti k HtM 'WMii 

12 
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I 

there are ttoo kinds of electricity ; one excited by | 
and a number of bodies of the same classi, cailec 
vitreous electricity, and the other excited by se: 
wax and other bodies equally numerous, of th(B i 
elasB with it, called the resinous electricity. Yiti 
electricity is sometimes called positive^ and resii 
electricity negative. 

133. The foregoing cases of electrical attrac 
and repulsions, constitute important laws of elee 
action, and are to be treasured up in the memo 
the following propositions : 

First. An electrified body attracts all unelect 
matter. 

Secondly, Bodies electrified similarly, that is, 
positively or both negatively, repel each other. 

Thirdly. Bodies electrified differently, that it 
positively and the other negatively, attract each < 

Fourthly, The force of attraction or repulsion 
versely as the square of the distance; that is, whe 
balls are electrified, the one positively and the 
negatively, the forc^ of attraction increases rapi( 
they draw near to each other, being four times as 
when twice as near, and a hundred times as 
when ten times as near. Repulsion follows the 
law ; that is, when two balls are similarly elect 
it requires four times the force to bring them tw 
near to each other, and a hundred times the fo 
bring them ten times as near as before. 

Sec. 2. Of Electrical Apparatus. 

134. Electrical machines afibrd the means of 
mulating the electric fluid, so as to render its c 
far more striking and powerful than they appear 
simple experiments already recited. The cy 



133. State the four laws o{ electnfial «Xtcaction and leimlBia 
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shine is represented in figure 58. Its principal 
ts are the cyhnder, the frame, the rubber, and the 



Fig. 58. 




ae conductor. The cylinder (A) is of glass, from 
U to twelve inches in diameter, and from twelve 
dghteen inches long. The frame (B B) is made 
lard wood, dried and varnished. The rubber (C) 
sists of a leathern cushion, stuffed with hair like 
pad of a saddle. This is covered with a black 
cloth, having a flap, which extends from the cush- 
over the top of the cylinder to the distance of an 
b from the points of the prime conductor, to be 
Qtioned presently. The rubber is coated with an 
tlgam, composed of quicksilver, zinc, and tin, which 
paration has been found by experience to produce 

H. Describe the electrical machine — ^the cylinder — ^the frame — ^tha 
w— the amalgam — the prime conductor. 
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a high degree of electrical excitement, when subjected 
to the friction of glass. The prime cotiductor (D) ii 
usually a hollow cylinder of brass or tin, with rounded 
ends. It is mounted on a solid glass pillar, (a junk 
bottle with a long neck will answer,) with a broad and 
heavy foot made of wood to keep it steady. The cyl- 
inder is perforated with small holes, for die receptioi 
of wires (c) with brass knobs. It is important in u 
electrical machine, that the work should be 8mo(A 
and free from points and sharp edges, since these have 
a tendency to dissipate the fluid, as will be more fully 
understood hereafter. For a similar reason, the mi- 
chine should be kept free from dust, the particleB of 
which act as points, and dissipate the electricity. 

135. By the friction of the glass cylinder againit 
the rubber, electricity is produced, which is received 
by the points, and thus diffused over the surface of the 
prime conductor, and may be drawn from it by the 
knuckle or any conducting substance. In order to in- 
dicate the degree of excitement in the prime conduc- 
tor, the Quadrant Electrometer is attached to it, as is 
represented at E, figure 58. This electrometer ii 
formed of a semi-circle, usually of ivory, divided into 
degrees and minutes from to 180. The index con- 
sists of a straw, moving on the centre of the disk, and 
carrying at the other extremity a small pith-ball. The 
perpendicular support is a pillar of brass, or some con* 
ducting substance. When this instrument is in a per- 
pendicular position, and not electrified, the index hangs 
by the side of the pillar, perpendicularly to the hori- 
zon ; but when the prime conductor is electrified, it 
imparts the same kind of electricity to the index, re- 
pels it, and causes it to rise on the scale towards an 
angle of 90 degrees, which point indicates a full charge- 

135. How is the electricity produced ? Describe the quadrant elec- 
trometer, and show how it indicates the degree of the charge. 
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That all the different circomstances affectinf 
ductiiig power, may be ascertained ; and i 
knowledge of ihese relative powers, depend 
of managing the electric fluid, whether in th 
dflilBaB electricity or in that of lightning. 

137. The laws of attraction and repiMm 
Teofied by the aid of an electrical machii 
more strikingly than by the simple apparai 
tioaed in Articles 132 and 133. If we bang 
hair to the prime conductor, on tmning the 
the hairs will recede violently from each ( 
canse bodies similarly electrified repel eat 
By placing light bodies, as paper images, 
cotton, or light feathers, between one plate c 
with the prime conductor and another which i 
lated, as is represented in figure 59, (the up 
' - being hung to the pr 

ductor,) the electrical d 
be performed. The 
will first be attracted t 
per plate, but instantly 
the same electricity, 1 
be repelled by the uj 
attracted by the lower 
descending to the lat 
will give up their ch 
return again to the up 
to repeat the process, 
forming a kind of danc 
when performed by li 
ges of men and women 
very amusing. Most electrical machines are i 
with a variety of apparatus for illustrating th< 
pies of electrical attractions and repulsions, s 
chime of bells, the electrical horse-race, th e < 

137. Effect when a lock of hair is hung to the prime 
How i$ th» electrical dance peilonnedl 
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Fig. 00. 




nd mill, and the like ; but these must be seen in order 
be fully understood, and therefore their exhibition 
left to the instructor. 
138. The Ley den Jar is a piece of ap- 
ratus used for accumulating a large quan- 
f of electricity. It consists of a glass 
coated on both sides with tin foil, except 
ipace on the upper end, within two or 
*ee inches of the top, which is either left 
re, or is covered with a coating of var- [ 
)h, or a thin layer of sealing wax. To 
3 mouth of the jar is fitted a cover of hard 
ked wood, through the center of which 
Bses a perpendicular wire, terminating 
ove in a knob, and below in a fine chain 
It rests on the bottom of the jar. On presenting 
s knob of the jar near the prime conductor of an elec- 
cal machine, while the latter is in operation, a series 
sparks pass between the conductor and the jar, 
lich will gradually become more and more feeble, 
til they cease altogether. The jar is then said to 
charged. If we now take the dis- 
urging rod, (which is a bent wire, 
ned at both ends with knobs, and^ 
ndated by a glass handle, as in ^g- 
) 61, and apply one of the knobs 
the outer coating and bring the other 
the knob of the jar, a flash of intense 
ghtness, accompanied by a loud re- 
rt, immediately ensues. If, instead 
the discharging rod, we apply one 
nd to the outside of the charged jar, 
1 bring a knuckle of the other hand to the knob of 
) jar, a sudden and surprising shock is felt, convul- 



Fig.61. 




138. Define the Leyden Jai^-describe'it— how ia it chained ? How 
wtiged? How lithe shock taken?' 
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sing the arms, and when sufficiently powerfu 
through the hreast. 

139. The outside and the inside of a Le 
are always found in opposite states ; that is 
knob connected with the inside we have imp 
itive electricity, (as in the mode of chargin, 
described,) then the outside will be electric 
same degree with negative or resinous e 
Every spark of one sort of fluid that enter 
jar, drives off a spark of the same kind froo 
aide, and leaves that in the opposite state. . 
jar is insulated, (as when it stands on a glass 
so that the electricity cannot pass from the c 
ing, then it will take no charge. We may 
jar negatively instead of positively, by grae 
of the knob and presenting the outside to 
conductor. The positive electricity thai < 
outer coating, drives off ane qual quantity of 
kind from the inside, which escapes through 
of the operator and leaves the inner coating 
When the jar is thus charged, we must be 
set it down on a glass support before wi 
the hand ; for if we place it on the table, 
a conductor, the electricity will immediately 
the outside to the inside, through the table, 
body of the operator, and he will receive a sh( 
if he sets the jar on a non-conducting suppor 
communication will be formed between the 
of the jar, and consequently it will not disch? 

The Electrical Spider forms a pleasing i 
of the different states of two jars, one charge( 
ly and the other negatively. It is contrivi 
lows : Take a bit of cork and form a small 1 
size of a pea, for the body of the spider, 
needle, pass a fine black thread backward 

» ]39. In what state are the two sides of a charged jar? '. 
charge a jar negatively 1 VfViy \a v\ nocMsaxv to set it 
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Fig. 62. 




irards through the sides of the cork, letting the threads 
project from it half or three-fourths of an inch on the 
ipposite sides, to form the 
legs. Now suspend it from 
the centre of the body by 
a fine silk thread, between 
two jars, one charged posi- 
tirely and the other nega- 
tirely, and placed on a table, 
18 is represented in figure 
62. The spider will first 
be attracted to the knob of 
Ihc nearest jar, will imbibe 
the same electricity, be re- 
pelled, and attracted to the 
knob of the other jar, from 
which again it will be repelled, and so will con- 
liniie to vibrate back and forth between the two jars, 
until it has restored the equilibrium between them by 
■lowly conveying to the inside of each jar the electri- 
city of the inner coating.of the other. 
Painted conductors have a remark- 
able power of drawing oflf and dis- 
•ipating the electric fluid when 
it has accumulated. If we apply 
one hand to the outer coating of a 
charged jar, and with the other 
bring a needle towards the knob, it 
will silently draw oflf all the charge, . 
without giving any shock. And 
if, while we are charging a jar with ' 
the machine, we direct a pointed 
wire or a needle towards the machine, even at a much 
preater distance from it than the knob of the jar, the 



Fig. 63. 




itulated tapport 7 Desciibe the electrical spider. Why does it t>> 
rate ficom one jar to the other ? Effect of points. 
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fluid will pass into the needle in preference to the jar. 
Ail apparatus, therefore, for conAning electricity, re- 
quires to be free from sharp lines and points, and to 
terminate in round smooth surfaces. 

Sec. 3. Of Electrical Light and Heat. 

140. Electrical Light appears whenever the fluid ii 
discharged in considerable quantities through a resist- 
ing medium. When electricity flows freely through 
good conductors, it exhibits neither light nor heat ; bill 
if such conductors suffer any interruption, as in paa* 
ing through a small space of air, or even through u 
imperfect conductor, then light becomes manifest 
We will Btqppose the experiment to be performed in i 
dark room, or in the evening, in a room very feebl; 
lighted. A glass tube, rubbed with black silk, coalei 
with a little electrical amalgam, will afford numeron 
sparks, with a slight crackling noise. A chain, hun 
to the prime conductor of a machine, will show 
bright spark at every link. If we attach one end c 
the chain to the prime conductor, and hold the othc 
end suspended by a glass tube, brushes or pencil 
of light will issue from various points along th 
chain. The spark seen in discharging the Leyde 
Jar, as in Article 138, is very intense and dazzliuj 

Fig. C4. 
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Figure 64 represents a glass cylinder, armed at eac 
end with brass balls, and "wound round, spirally, wii 
a narrow strip of tin foil. At short intervals, sma 
portions of the tin foil arc cut out, so as to intcrru 

MO. When does electrical light appear? When doos electrici 
exhibit neither ligat hot \\e-dl'l E.-jt^ctvmetvt with a glass tube- 
clmin — a spiral tube. How may V\VvLUYma\^Niiot«\a\»\sfflAR\ft^ag^ 
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circuit. Wbfitiever a. Ksark is ztissed ikemA t^us 
iratus, it appeara beaaiiraZj I:imTnoc3 ic everv in- 
iption in the en. iolI- "^zrh^ or irsres ot ainr 
[ may be Terr nnely eiii±::.Tii by ecaerpg a plaias 
Tlass with a strip ot za. roil ii a M-za^ line, 
I one comer » :Le opccsiiie corner. dtaspoallT. 
n with the point ot a k::L::V. «izliII ponnas ot the 
oil are nicked oct in »Ti<:b. a manner that die ^n- 
thus left bare shall :oze:2ier coriazix^e sobk wwd, 
Vashingtox. The spark, in passinz throssh toe 
foil, will meet widi re«ij::ance at all the places 
jre ike meial has been remoTe*i, an^i will there ex- 
it a bright light. Thus an iLIcminated word will 
ear at every spark rec eired from the machine. If 
machine is not sumcienily powerlnil lo alford a 
rk strong enough to orercome ttie resbtance occa- 
led by so many non-conducting spaces, then the 
ninated word may be made to appear with great 
indor, by making the plate form a part of the circuit 
¥een the inside and the outside of a charged Ley- 
Jar. 

41. By means of the Battery, far more brilliant 
eriments may be performed than with a single jar. 
3 Battery consists of a number of jars, twehre, for 
ance, so combined that the whole may be either 
rged or discharged at once. Large J^yden Jars, 
:ed side by side in a box, standing on tin foil, 
ich forms a conducting communication between the 
iT coatings, while the inner coatings are also in 
imunication by a system of wires and knobs, an- 
^rs the same purpose as a single jar of enormous 
i, and is far more convenient. \Vhen the battery 
charged, and a chain is made to form a part of tho 
juit between the outside and inside, on discharging 
Ihe whole chain is most brilliantly illuminntod. 

1. The Battciy— of -what does it consist ? DcscrilKt it. llo^ ^ 
ain muminated by the battery 7 Great powei o{ «oiSA Wiwn!t%. 
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Rough lightning rods sometimes present a similar tf» 
pearance when struck during a thunder storm. Bife^, 
teries are sometimes made of sufficient power to U| 
small animals, and even men. 

142. Heat, as well as light, attends the eledd 
spark, although, except when the discharge is ftt 
powerful, as in the case of the battery, or of lighl ' 
it is but feeble, sufficient to set on fire only me i 
inflammable substances. Alcohol and ether, two 
inflammable liquids, may be fired by the sparl^ a 
die may be lighted, and gun powder exploded. It il 
howeyer, difficult to set powder on fijre by electrici^ 
unless the spark is very' strong. , 

143. The electric spark passes much more euSi§ 
through rarefied air, than through air in its ordimqi 
state. Thus, a spark which would not strike thnNi|h 
the air more than four or five inches, will pass throw 
an exhausted glass tube, four feet or more in lengO^ 
filling all the interior with a soft and flickering li^ 
somewhat resembling the Aurora Borealis. Hence^ 
that phenomenon has been ascribed by some to de^ 
tricity, though this is probably not its true explanation. 

144. In Thunder Storms, we see electricitjr exhil^ 
ited in a state of accumulation far beyond what m 
can create by our machines, and producing effecti 
proportionally more energetic. A cloud presents i 
conductor insulated by the surrounding air, in whichi 
in hot weather, electricity collects and accumulatei 
as it would upon a prime conductor of immense sisa 
By sending up a kite armed with points, electrici^ 
may be drawn from such clouds, and made to desceii 
by a wire wound round the string of the kite. Wt 



142. Does heat attend electricity ? Give examples of bodies iid 
by it. 

143. How does the spark pass through rarefied air? £jq>lain Al 
appearance of the Auroral tube. 

144. How is electricity exhibited in thunder storms ? Anakcyb^ 
tweea a cloud and a piima condufitoi. How may lightning be oM 
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easily direct it upon a prime conductor, or charge 
^den Jar with it, and examine its properties as we 
d do in the case of ordinary electricity. By 
experiments, it is found that the clouds are some- 
positively and sometimes negatively electrified, 
lunder storms, the lightning is usually nothing 
than the electric spark passing from one cloud 
3ther differently electrified, as it passes between 
uter and inner coating of a Leyden Jar. The 
appears in the form of a line, because it passes 
viftly, just as a stick, lighted at the end and 
ed in the air, forms a circle of light. The mo- 
>f the electric fluid is, to all appearance, instan- 
us. Thunder is the report occasioned by the 
ng together of the air, after it has been divided 
e passage of the lightning. The cracking of a 
, as already mentioned, is ascribed to the same 
J. The lash divides the air into two parts, which 
)ly rush together and occasion the sound. When 
nder clap is very near us, the report follows the 
almost instantly, and such claps are dangerous. 
I cases, the lightning and the thunder actually 
• at the same moment, but when the discharge is 
ne distance from us, the report is not heard till 
time after the flash ; for the light reaches the 
nstantaneously, but the sound travels with com- 
ive slowness, moving only about a mile in five 
ids. We may, therefore, always know nearly 
listant a thunder cloud is, by counting the number 
conds between the flash and the report, and al- 
igthe fifth of a mile (or, more accurately, 1,130 
to a second. (See Art. 124.) 
5. Sometimes lightning, instead of passing from 

be clouds ? How is the flash produced in thunder storms ? — 
loes it leave a bright line ? What is thunder ? How produced ? 
ire the flash and the report sometimes together and sometimfia 

13 
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cloud to cloud, discharges itself into the earth, 
then strikes objects that come in its route, as ho 
trees, animals, and sometimes man. As electi 
always selects, in itd passage, the best condw 
Dr. Franklin first suggested the idea of protectin 
dwellings by means of Lightning Rods. If thes 
properly constructed^ the lightning will always 
its passage through them in preference to any p 
the house, and thus they will afford complete pi 
tion to the family. Sharp metallic points wei 
served by Dr. Franklin to have great power U. 
charge electricity from either a prime conducto 
Leyden Jar, and this suggested their use in ligl 
rods. Metals, also, being the best conductors of 
tricity, would obviously afford the most proper 
rial for the body of the rod. 

There are three or four conditions in the constn 
and application of a lightning rod, which are ess 
to insure complete protection. The rod must i 
less than three-fourths of an inch in diameter — i 
be continuous throughout, and not interrupted by 
joints — it must terminate above in one or more 
points, of some metal, as silver, gold, or platir 
liable to rust — it must enter the ground to the 
of permanent moisture, which will be different 
ferent soils, but usually not less than six feet, 
thus constructed, will generally protect a space 
way equal to twice its height above the ridge ' 
house. Thus, if it rises fifteen feet above the 
it will protect a space every way from it of thirt 
It is usually best to apply the rod to the chim: 
the house ; or, if there are several chimneys, it : 
to select one as central as possible. The k 

145. What happens when lightning strikes to the earth? L 
rods — influence of points and conductors — power of metals- 
the rod — ^to be continuous — ^how terminated above and below ' 
much space will a lod piolecxi '^'crN «^^U«d to a house 7 
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\jy being usually the only one in which fires are 
ined during the season of thunder storms, re- 
to be specially protected, since a column of 
rising from a chimney, is apt to determine the 
of the lightning in that direction. If, there- 
B lightning rod is attached to some other chim- 
the house, either a branch should proceed from 
le kitchen chimney, or this should have a sep- 
)d. As lightning, in its passage from a cloud 
iarth, selects tall pointed objects, it often strikes 
.nd it is, therefore, never safe to take shelter 
rees during a thunder storm. Persons struck 
y lightning, are sometimes recovered by dash- 
repeated buckets of water. 

4. Of the Effects of Electricity on Animals. 

When we apply a Fig. 65. 

3 to the prime conduc- 
m electrical machine, 
eive the spark, a sharp 
mewhat painful sensa- 

felt. If we receive 
irge of a Leyden Jar, a 
8 experienced which 

or less severe, accord- 

the size and power oi 

A battery gives a 

still more severe, and 

be even dangerous, 
ng, it is well known, 
nes prostrates and kills men and animals. A 
tent method of taking the shocks is to charge a 

he kitchen chimney? May we take shelter under trees? 
estore people struck by lightning ? 

snsation to the knuckle — effects of a jar — of a battery . What 
snient mode of taking the shock? SeiisaXiotA vto^\)k»^>si 
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quart jar, place it on a table, and grasp 
hand a metallic rod, apply one rod to tl; 
the jar, and touch the other to the knob co 
the inside. If the charge is feeble, it wil 
in ^e arms ; if it is stronger, it will b( 
breast ; and it may be sufficiently powerfu 
the whole frame. Any number of pers 
taking hold of hands, all receive the shoe! 
instant. The first umst touch the outside 
the knob of the jar. Whole regimenu 
electrified at once in this way. 

147. Electricity is sometimes employee 
and is thought to afford relief in various < 
may be applied either to the whole systei 
to aoy individual part, by making that pai 
tion of the communication between the ii 

outside of 
Fig. 66. flui J may 

milder foi 
of the Eli 
This is a 
resting o: 
The patie 
sits on tl 
holds a c] 
ed with tl 
ductor, w 
chine is t 
produces 
excitemei 

whole system ; the hair stands on end ; s] 
taken from all parts of the person, as 
conductor ; and the patient may commun 

a feeble charge — by a strong— by a powerful charge ' 
number of persons be electrified at once ? 

147. How is electricity employed medicinally ? t 
the electrical stooll 
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Ahock to any one that comes near him, or may set on 
fire ether and other infianunable substances, by merely 
touching them with a rod, or pointing towards them. 

148. SeveiBl fishes hB,Ye remarkable electrical pow- 
ers. Such are the Torpedo, the Gymnotus, and the 
E- Silurus. The Gymnotus, or Surinam eel, is found in 
the rivers of South America. Its ordinary length is 
imm three to four feet ; but it is said to be sometimes 
twenty feet long, and to give a shock that is instantly 
£ual. Thus, it paralyzes fishes, which serve as its 
food, and in the same manner it disables its enemies 
jmd escapes from them. By successive elTorts, elec- 
tnl fishes exhaust themselves. In South America, the 
natives have a method of taking them, by driving wild 
horses into a lake where they abound. Some of the 
eels are very large, and capable of giving shocks so 
powerful as to disable the horses ; but the eels ihem- 
jelves are so much exhausted by the process, as to be 
easily taken. 
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\ MAGNETISM. 

8 

I DIPIirSTIONS— ATTBACTIVE PROPERTIES— DIRECTIVE PROPERTIES 
— ^VABIATION OP THE NEEDLE — DIP — MODES OP MAKING MAGNETS. 

149. Among the ores of iron, there is found an ore 
of a peculiar kind, which has the power of attracting 
iron filings, and other forms of metallic iron, and is 
called the loadstone. This power can be imparted to 
ban of Bteel, which are denominated magnets. The 
unknown power which produces the peculiar effects 
of the magnet, is called magnetism. This name is 

148. What of electrical fishes ? Give an account of the Gvinnotiu. 
How do the natives take electrical fishes in South America f 
14d. What is the loadstone, and magnetsl Define Mag ngtiam t uo 
13* 
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also applied, as at the head of this chapter, to thit 
branch of Natural Philosophy which treats of the 
magnet. Magnetic bars are thick plates of iron or 
steel, commonly about six inches long. If a magnetie 
bar be placed among iron filings, they will armngs 
themselves around a point at each end, forming tutey 

Fig. 67. 




as is shown in figure 67. These two points are called 
the poles, and the straight line that joins them, ths 
aocis of the magnet. If we suspend, by a fine thread, 
a small needle, and approach towards it either pole 
of a metallic bar, the needle will rush towards it 
and attach itself strongly to the pole. By rubtung : 
the needle on one of the poles of the magnet, it 
will itself imbibe the same power of attracting iron, 
and become a magnet, having its poles. If we nov 
bring first one pole of the mag- 
Fig. 68. Fig. 69. netic bar towards the needle, and . 
then the other pole, we shall find 
that one attracts, and the other re- 
pels the needle. Figure 68 repre- 
sents two large sewing needle^ 
magnetized, and suspended by fine 
threads. On approaching the nortk 
. . . pole of a magnetic bar to the noidi 

JL jl poles of the needles, ihey are 

vJ vf] ^"O^ci^^y repelled ; but on applf* 

p5 M ing the south pole of a bar, as is 

figure 69, the north poles of the 
needles are attracted towards it. 

tenses in which the word is used. What are magnetic ban T Wbil 
are the poles — ^the axis ? How may a needle be BngneCisedT How 
an its properties changed by t]kaapioc«i»1 
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^ 150. Let us suppose that the long needle represent- 
ed in figure 70, has been rubbed on a magnet, so as to 
imbibe its properties, or to 
become magnetized; then, on ^ig- 70. 

balancing it on a pivot, it will S TO v 

of its own accord place itself 
in nearly a north and south 
line, and return forcibly to 
this position when drawn 
aside from it. This property 
is called the directive, while the other is called the 
attractive, property of the magnet. That end which 
points northward, is called the North Pole of tke 
aiagnet, and that end which points southward, is 
called the South Pole. Every magnet has these two 
poles, whatever may be its size or shape, A mag- 
netic bar has usually a mark across one end, to de- 
Bote that it is the north pole, the other, of course, 
being the south polo. If the north pole of a bar be 
brought towards the north pole, N, (Fig. 70,) of the 
Beedle, it will repel it, and the more forcibly in pro- 
portion as we bring it nearer to N. On the contrary, 
if the north pole of the bar be brought towards the 
south pole S of the needle, it will attract it. Also, 
if we present the south pole of the bar first to one pole 
of the needle, and then to the other, we shall find that 
the bar will repel the pole of the same name with its 
own, and attract its opposite. These facts are ex- 
pressed by the proposition that similar poles repel, and 
opposite poles attract each other. When a magnetic 
bar is laid on a sheet of paper, and iron filings are 

150. Explain the directive property. Which is the north and which 
die south pole ? How is the north pole distinguished ? Effect when 
the north pole of the bar is brought near the north pole of the needle — 
when the north pole is brought towards the south pole ? State the 
^neral fact. What takes place when a magnetic bar is placed among 
nonfilings? 
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sprinkled on it, they will arrange themselres in cur 
around it, as in figure 71 . 

Fig. 71. 




151. Tke magnetic needle, when freely suspen 

Sldom points directly to the pole of the earth, bn 
viation from that pole, either east or west, is ci 
the variation of the needle. A line drawn on the 
face of the earth, due north and south, is called a 
ridian line. The needle usually makes a greati 
less angle with this line. Its direction is callec 
magnetic meridian^ and the place on the earth to w 
it points, is called the magnetic pole. The eartl 
two magnetic poles^ one in the northern, the oth 
the southern hemisphere. The north magnetic 
is in the part of North America lying north of ] 
eon's and west of Baffin's Bay, in latitude 70**. 
variation of the needle is different in different c 
tries. In Europe, the needle points nearly N 
and S. E. ; while in the United States it deviate! 
where but a few degrees from north and south ; 
along a certain series of places, passing through "V 
em New York and Pennsylvania, the variation is i 
ing ; that is, the needle points directly north and s 
At the same place, moreover, the variation of 
needle is different at different periods. For a 
series of years, the needle will slowly approacl 



151. What is meant by the rariation of the needle ? "Wh 
meridian line ? — the magnetic meridian ? Situation of the nortl 
netic pole 7 How is the yariation of the needle in Europe ? h 
the United States ? Where does the line of no variation run 7 
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North pole, come within a certain distance of it, and 
then turn about and again slowly recede from it. At 
Yale College, the variation in 1843, was 6i degrees 
West, and is increasing at the rate of 4i minutes a year. 
152. A needle first balanced on its center of gravity, 
and then magnetized, no 
longer retains its level, but Fig- 72. 

it points below the horizon, 
JDaking an angle with it, 
called the Dip of the needle. 
The dipping needle is 
:«hown in figure 72, adapted 
Id a graduated circle in or- 1 
derto indicate the amount of ) 
Ae depression, and is some- 
liffles fitted with screws and 
i level to adjust it for obser- 
ntion. The dip of the nee- 
iie varies very much in dif- 
ferent parts of the earth, being in general least in the 
equatorial, and greatest in the polar regions. At Yale 
College, it is about 73 degrees, being greater than is 
adubited in the figure. 

' 153. The directive property of the needle has tVo 
most interesting and important practical applications, 
in surveying and navigation. The compass needle, 
in order to keep it at a horizontal level, and prevent 
its dipping, has a counterpoise on one side, which ex- 
ictlr balances the tendency to point downward. By 
the aid of this little instrument, lands are measured, 
ind boundaries determined ; the traveller finds his way 

does the rariation change at any given place ? How is it at New 
HsTen? 

152. What is the Dip of the needle ? Describe figure 72. Where 
it the dip of the needle greatest 7 Where least ? Its amount at Yale 

' 153. What are the two leading applications of the needle ? How la 
b0 compass needle kept from dipping 7 To what uses, is it appUedl 
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tlirough unexplored forests and deserts ; and mariners 
guide their ships through darkness and teoipests, and 
across pathless oceans. 

154. There are various methods of making eompati 
needles, 6r artificial magnets. Soft iron readily i^ 
ceives magnetism, but as readily loses it ; hard sted 
receives it more slowly, but retains it permanently. 
It is a singular property of a magnet, whether natanl 
or artificial, that, like virtue, it loses nothing by whit 
it imparts to another. In fact, such an exercise of its 
powers is essential to their preservation. The strong 
est magnet, if sufi!ered to remain unemployed, giadiK 
ally loses power. Magnets, therefore, and loadsUmeSi 
are kept loaded with as much iron as they are cqnUff 
of holding, called their armature. If we simply nib 
a penknife on one pole of a magnet, we render it ma^ 
netic as will be indicated by its taking up iron 
filings or sewing needles. Magnetism is most readily 
imparted by a bar, when both its poles are made to[act 
together. This is done by giving the bar the form 
of a horse shoe, as in figure 73. To magnetizes 

needle, we lay it flat on 
^^ g- '^' a table, and place the two 

^^^■^■iHHl^^k poles of the horse shoe 
Ajj^ ^k magnet near the middle^ 

^^^^^S^^^^^JI and rub it on the needle, 
^^^^^^^^ backwards and forwards, 
first towards one end and then towards the other, ta^ 
king care to pass over each half of it an equal number 
of times. The needle may then be turned over, knd 
the same process performed on the other side, when 
it will be found strongly and permanently magnetized. 

154. How is the compass needle made ? What is said of soft inn 
and hard steel ? How is the strength of the magnet affected by actiot 
or inaction ? What i^ the armature ? How to magnetize a penknife. 
Why is a bar bent into the horse-shoe form ? How to mafpoetiie a 
needle with it. 
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CHAPTER IX. 

OPTICS. 

nriNITIONS— BEFLEXION AND BEFBACTION-H^OLOBS— VISION — 
MICBO8C0PB8 AND TBLE8C0PES. 

155. Optics is that branch of Natural Philosophy 
flBJIicA treats of Light* Light proceeds from the sun, 
\t lamp, and all other luminous bodies in every direc- 
tion, in straight lines, called rays. If it consists of 
^matter, its particles are so small as to be incapable of 
being weighed or measured, many millions being re- 
quired to mak^ a single grain. Some bodies, as air 
and glass, readily permit light to pass through them, 
Vid are called transparent; others, as plates of metal, 
do not permit us to see through them, and are called 
9pake. Any substance through which light passes, is 
called a Medium, Light moves with the astonishing 
velocity of 192,500 miles in a second. It would cross 
the Atlantic Ocean in the sixty-fourth part of a sec- 
ond, and in the eighth part of a second, would go round 
the earth. When light strikes upon bodies, some por- 
tion of it enters the body, or is absorbed, and more or 
less of it is thrown back, and is said to be reflected; 
when it passes through transparent bodies, it is turned 
out of its direct course, and is said to be refracted. 
The light of the sun consists of seven different co- 
lored rays, which, being variously absorbed and re- 
flected by different bodies, constitute all the varieties ^ 
of colors* Light enters the eye, and forming within 
it pictures of external objects, thus gives the sensa- 
tion of vision; The knowledge of the properties of 
light, and the nature of vision, has given rise to the 
invention of many noble and excellent instruments, 

155. Define Optics— tenns rays, transparent, opake, and medium* 
^i^ien is light said to be reflected 7 Wheniefiracted? OfwliatdothA «/> 
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which afford wonderful aid to the eye, such as ih» 
microscope and the telescope. Let us examitfe moitt^ 
particularly these interesting and important subjecta, 
under separate heads. 

Sec, 1. Of the Reflexion and Refraction of Ligk, 



156. When rays of light, on striking upon 
body are turned back into the same medium, they arp 
said to be reflected. Smooth polished surfaces, Vkm 
mirrors and wares of metal, reflect light most Iredy^ 
of any, and hence their brightness. Most object^ 
however, are seen by reflected light ; few shine by 
their own light. Thus, the whole face of nature owes 
its brightness and its various colors to the light of the 
sun by day, and to the light of the moon and stars bf 
night. The rays that come from these distant luminip 
ries, fall first upon the atmosphere, and are so reflectad 
and refracted from that as to light up the whole sky, 
which, were it not for such a jwwer of scattering the 
rays of light that fall upon it, would be perfectly blacL 
On account of the transparency of ihe atmospheiBi 
the greater part of the sun's rays pass through it, anl 
fall upon the surface of the earth, and upon all objecti 
near it. These reflect the light in various directioni, 
and are thus rendered visible by that portion of ths 
light which proceeds from them to the eye. 

157. When a ray of light strikes upon a plane sur- 
face, the angle which it makes with a perpendicular 
to that surface, is called the angle of incidence^ and tho 
angle which it makes with the same perpendicular, 
when reflected, is called the angle of reflexion. Tkt 

sun's rays consist ? To what inventions has the study of Optics gtvcs 
rise? 

1 56. When are rays of lieht said to be teflected 7 By what li^ tit 
most objects seen 7 Show how the aUdfiiphere and most thia^ oo tfai 
'«arth are illuminated. 

157. Define the angle of incidence and of reflexion. Equality be- 
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angle of reflexion is equal to the angle of incidence. 
Thus, a ray of light, A C, striking upon a plane mirror, 
M N, at C, will be reflect- 
ed oft into the line C B, 
making the angle of in- A 
cidence, MCA, equal to 
ihe angle of reflexion, 
j» N C D. It is not neces- 
ii-sary that the surface on 
•which the light strikes 
vlhould be a continued 
.plane ; the small part of a M 
cnnred surface, on which 
»a ray of light falls, may be considered as a plane, 
touching the curve at that point, so that the same law of 
reflexion holds in curved as in plane surfaces^ Now 
the grains of sand on a sandy plain, present surfaces 
' variously inclined to each other, which scatter the rays 
of the sun in difierent directions, many of which enter 
the eye, and make such a region appear very bright ; 
while a smooth surface, like a mirror, or a calm 
ibeet of water, reflects the light that falls on it, chiefly 
in one direction, and hence appears bright only when 
die eye is so situated as to receive the reflected beam. 
Thus, the ocean appears much darker than the land, 
except when the sun shines upon it at such an angle 
as to throw the reflected beam directly towards the 
eye, as at a certain hour of the morning or evening, 
and then the brightness is excessive. 

158. An object always appears in tfce direction in 
which the last ray of light from it comes to the eye. 
Thus, we see the sun below the surface of a smooth . 
lake or river, because every ray of light, being re- %• 
fleeted from the water as from a mirror, comes to the 

tween these two anitles. Explain figure 74. Does the same law hoU \ 
far curred surfaces i Which appears darkest, the ocean or land, in 
the light of the tan? 

14 
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eye in the direction in which the tsmgis aj^pem ; ul 
if the light of a star were to change its firectioaa 
hundred times in coming through the atiiioe|dkeve» wi 
should see the star in the direction of tke last rsyv a 
the same manner as if none of the other diieeliiai 



had existed. This principle explains faxiow amv* 
ances presented hy mirrors, of which there wat utM 
kinds— plane, concave, and conrez. 

159. A common looking-glass fimiiahes an enofii 
of aPIofitf Jftrror. If we place a lamp before it, iqfi 
of light axe thipwii from the lamp upon mrmrymnd 
the mirror, bat we see the lamp by meana mitm 
few of the rays only winch are reflected to die ejs; 
all the rest are scattered in Taiioua qnarters, uid ds 
not contribnte at all to render the obiect Tuiible tot 
spectator at any one point, although they would pte* 
duce, in like manner, a separate image of the laof 
wherever they entered an eye so situated as to receifv 
them. Hence, were there a hundred people in th 
room, each would see a separate image, and each ii 
the direction in which the rays came to his own eye. 

Fig. 75. 




We will suppose M N to be the looking-glass, having a 

158. In what direction does an object always i^pear? Example i> 
the sun — in a star. What are the tnree kinds of minors T 

159. Explain how the imac>*AW ioTmedin a plane mirror. Wbit 
nja (mly enable ut to see ^Ae Vi&a|ft*l "Eoi^wav Ty^.^^ ^Stm te 
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harp placed before it, and the eye of the spectator at 
D. Of all the rays that strike on the glass, the spec- 
tator will see the image by those only which strike 
the mirror in such a direction, A B, that when reflected 
from the mirror at the same angle on the other side, 
they shall enter the eye in the direction B D. The 
image will appear at G, and will be just as far behind 
the mirror as the harp is before it. This last principle 
is an important one, and it must always be remem- 
bered, that every point in an object placed before a 
plane mirror, will appear in the image just as far be- 
hind the mirror as that point of the object is before 
it; so that the image will be an exact copy of the ob- 
ject, and just as much inclined to the mirror. We 
learn, also, the reason why objects appear inverted 
when we see them reflected from water, as the surface 
of a river or lake, since the parts of the object most 
distant from the water, that is, the top of the object, 
will form the lowest part of the image. 

160. If we take a looking-glass and throw an image 
of the sun on a wall, on turning the mirror round we 
shall And that the image moves over twice as many 
degrees as the mirror does. If the image is at first 
thrown against the wall of a room, horizontally, (in 
which case the mirror itself would be perpendicular 
to the horizon,) by turning the mirror through half 
a right angle, the place of the image would be 
changed a whole right angle, so as to fall on the ceil- 
iag over head. A common table glass, which turns on 
two pivots, being placed before a window when the 
sun is low, will furnish a convenient means of veri- 
fying this principle. 

is the image behind the mirror ? How far is each point in the image 
behind the mirror ? Why do objects appear inverted when reflected 
from water ? 

160. If a mirror be turned, how much faster does -the image more 
than tiie mirror ? State how tue experiment is performed. 
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^161. A dmeave Mirror collacli i^ 4rflij^ 

we hold a small concave 8lwTinf-||laa«, lor nel 

towards the sun, it will collect tat whtAm bei 

light that falls upon it into one pointi called ibej 

Figure 76 will fftve eome id 

Fig. Tt. the manner in indch puallel 

> strike a concaTo mirrar. con^ 

^^^^^^^_^^ to a focus, and fhen divef)| 

^^^^^^Hk The ang^e of reflexion is eq^ 

I^^^^^^HB| the anj^e of incidence harl 

^^^^^^^^^^ well as in aplane mirror ; bi 

\ perpendicular to a enrred sa 

is &e radius of the circle of which the cnrrtt 

part. Urns, the line C B is the radius of the 
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care mirror, M N, and, in a circle, every n 
perpendicular to the surface. The sun's r 
parallel to each other, or so nearly so, that t' 
be considered as parallel; and when rays f 
the mirror, in the lines A B and £ 6, the 
fleeted on the other side of the perpendicuh 
ing in a common focus, F, which point is « 
focus of parallel rays. Into this point, c 
space around it, a concave mirror will colic 

161. What is the office of a eoncave mirror 7 Expei 
flhsnq^-fllast. What forms the perpendicular to a cor 
WbMt u ibe point caUed vYneTe vmlQ\tv{« vr^ coUaq^ 
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of the sun, increasing in heat in the same proportion 
as the illuminated space at F is less than the whole 
surface of the mirror. In large concave mirrors, 
the heat at the focus often becomes very powerful, 
so as not only to set combustibles on fire, but even 
to melt the most infusible substances. Hence the 
name focus, which means a burning point. ' If a lamp 
is placed at F, the rays of light proceeding from it in 
the lines F G and F B, will strike upon the mirror 
aod be reflected back into the parallels, G £ and B A. 
We shall see hereafter how useful this property of 
concave nurrors, — to collect parallel rays of light into 
a focus,— ^18 in the construction of that most noble of 
instruments, the telescope. 

A Convex Mirror, on the other hand, separates rays 
of light from each other, still observing the same law, 
^t of making the angle of incidence equal to the 

Fig. 78. 




J ^ngle of reflexion. In figure 78, the parallel rays, 
A B, O D, E F, are represented as falling on a convex 
^irror^ M N. A B and E F, being reflected to the 
other sides of the radii, C B and C F, are separated 



•ud of the heat at the focus 7 When a lamp is placed im the focus, 
Iww will its light be reflected ? 

14* 
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from each other, and form the mmgo ttly.'wil 
called the itnaginarv focus of parallel raya^ becaal 
this point, the paraUel raya that fall upaa the fl 
seem to meet m a focna^ behind the minor, wi 
diverge min into the lines B O and F H. 

162. WheneFcr the rays of light from the diff 

parts of an object cross each other before fonunj 

image, the image will be mftertsd. It ia manifest 

figore 79, that the light by whichthe top of theo 

Fig. 79. 




is represented forms the bottom of the image, s 
light from the bottom of the object forms the to* 
image, the two sets of rays crossing each othe 
hole in the screen. It is always essential to 
tinctness of an image, that the rays which 
from every, point in the object, should be an 
corresponding points in the image, and shoe 
accompanied by light from any other source 
screen like that in the figure, when interj 
mits only those rays from any point in the 
are very near together and nearly parallel to 
to pass through the opening, after which tb 
straight forward and form the correspond 
the image ; while rays coming from any c 

the object cannot fall upon the point occ 

■^ ... 

162. In what case will the image appear invertei 
Fig. 79. Whit it eaaential to the distinctnes* of/ 
njm oulj does the lerMa ^ennix \o v^^^'^ 
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pencil, but each finds an appropriate place of 
1 in the image, and all together make a faithful 
entation of the object. 

. Concave mirrors form images of objects, by 
ing the rays from each point of the object into 
ponding points in the image, unaccompanied by 
om any other quarter. If the object be nearer 
Fig. 80. 




be focus, as in figure 80, a magnified image ap- 
behind the mirror, and in its natural position ; 
the object be between the focus and the center, ' 
age is before the mirror, on the oth#r side of the 
, larger than the object. 



iverted, as it is in fig 
I, where the small ar- 
\. B, situated between 
cus and the center of 
irror, is reflected into 
aage a &, inverted and 
than the object. These 
may be verified in a 
oom, by placing a lamp 
ferent distances from a 
ve mirror. As such 
rs form their images in 
ir without any visible 



Fig. 81. 




HowdDttMMBM nunoiBfomiiiDsgM? When Ihft MftH i§ 
litm.* '^iieiitfbcmdoettheioiife appcnr? How 
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support, they have somotima^bMn MlqilofBdbjr j 
giers to produce apparitions of f^iotAf ^{ores, C 
swords, and the like, which were made to ajpp 
terrific forms, while the appaimtita bj which d^ i 
produced, was entirely concealed firadi the i 

Fig.83. 




Fig. 83. 



Convex mirrors give a diminished image of any 
placed before it, representing it in its natond 
and behind the mirror, as in figure 82. 

164. Refraction is the change of direcHon wkidkV^ 
undergoes bypassing out of one medium into anoikr^ 
When light passes out of a rare 
dium, like air, into a dense medium 
like water, it is turned towards uftt'* 
pendicular ; when it passes ontoft^ 
dense into a rare medium, it is tm^ 
ed from a perpendicular. When 4i^ 
ray of light, B C, passes out of airii- ; 
to water, it will not proceed straigkt* 
forward in the line C F, but will gt* 
in the line C £, nearer to the pe^ * 
pendicular, C H ; and light proceeding from an objed * 
under water at £ would, on passing into the air at G, ' 
turn from the perpendicular into the line C B. Sihct 



What use is made of concave mirrors by jugglers ? How do oooTes , 
mirrors represent objects ? 

164. Define refraction. How is light reflected by passing oat of sir ^ 
into wate]>-out of watex into «ix \ ^x^^&sBLFi%. 83. Also, ¥%. BL 




ICS 



i> the eye, tiie 




r^^k 



by its li^ 
through a re- 
nediom before 
s the eye. Fig. 
tsents a bowl 
aall coin at the 

An eye situated as in die figure, would not see 
; but, on turning water into the bowl, the coin 
visible at B, because the light proceeding from 
is bent towards the eye in passing out of the 
For a similar reason, an oar in water appears 

part immersed being elevated by refraction. 
jom of a shallow river appears higher than it 

and people have been drowned by attempting 

river which, from the effect of refraction, ap- 

»ss deep than it was. 

he Multiplying Glass Fig. 85. 

i many images of an 

( there are surfaces, 

h surface refracts the 

t falls upon it, in a 

angle from the oth- 

jourse the rays meet 

in the same number 

nt directions, and the 

pears in the direction 

The candle at A, Fig, 85, tend* fnyn i^ 
tie three surfaces o( the gisM§, Ttumff wbi^k 

perpendicularly, pa«s direcily tbr/nif b ih^ 

in water appear* UtA T M/m 4m» fifffMfUm fHHfimi iy$ 
pth of a nwer ? 
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glass to the eye, without change of direction, 
&rm one imago in its true place at A. But the i 
which fall on the two oblique surfaces, have theii 
rections changed both in entering aud in leaving 
glass, (as will be seen by following Ae rays in 
figure,) so as to meet the eye in the directions ( 
and C. Consequently, images of the candle 
formed, also, at both these points. A multifdying | 
has usually a great many surfaces inclined to one 
other, and the number of images it forms is po 
tionally great. 

166. This property of light, — ^the power of h« 
its direction changed by refraction,— -is conyexte 
very important and inter- -^ 

esting uses by means of ^ 

LENSES. Alensisexem- ^ P 

plified in a common sun- — 
glass, (or even in a spec- ^ 
tacle glass,) and is either — 
convex or concave. Con- 
vex lenses, like concave — 
mirrors, collect rays of "Xt 

light. In figure 86, the parallel rays, A a and 
are collected along with the central ray (whicl 
ing perpendicular to the surfaces of the lens, su 
no refraction,) into a common focus in F. If I h 
sun-glass, or a pair of convex spectacles toward; 
sun, the whole beam that falls upon the glass wi 
collected into a small space, forming a bright p 
or focus, at a certain distance from the lens on 
side opposite the sun, where it may be received 
screen or sheet of white paper. A concave lens, 

166. To what important and interesting uses is the power of 
to undnnro refraction converted ? What instniments ;ire used fo 
purpose f What is the office of a convex lens i Describe Fi 
Examples in a sun glass and spectacles. 
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rex mirror, separates rays of light. Thus, in 

figure 87, the solar beam 

. Fig. 87. is spread over a greater 

X d space on the screen than 

^Ba""^^ the size of the lens, indi- 

H eating that the rays are 

B separated from each oth- 

M er by passyig through the 

■■^■"-*-...,,.^ ^®^s. Hence, concave 
X ** '^ lenses do not form ima- 

ges as convex lenses do, 
e therefore but little employed in the construc- 
' optical instruments. 

. A convex lens, like a concave mirror, forms 
\ge of an object without, by collecting all the 
3 of rays that proceed from every point of the 
and fall upon the lens, into corresponding points 
place of the image. The image is inverted 

Fig. 88. 




e the pencils of rays cross each other, those 
16 top of the object going to the bottom of the 
and those from the bottom going to the top. 
figure, the central ray of each pencil (called the 
nd the extreme rays ?^e represented. The ex- 



low does a convei 
What is the axis c 
jr T Great numlx 
t. 



«ge ? Why is the image in- 
^ Where do the axes cross 
>ceed firom eveiy point in 
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treme rays cross each other in the centre of tk 
and thus necessarily produce an inrerted imigi 
we must conceive of a great nun^her of rays pn 
ing from every point in the object, and each 
covering the whole lens, which collects tbem sei 
into distinct points, each occupying a sepanOe 
in the image. 

168. If we place a lamp in the focos of a la 
rays that proceed from it and pass thnmgh tfai 
go out parallel, and will never come to a locus 
other side, so as to form an image. But if we i 
the lamp further from the lens, so as to make tl 
fall upon the lens in a state less diverging, then 
collect them into a distinct image on the othc 
which image will be large in proportion as it i 
distant from the lens. As the object is witl 
from the lens, the image approaches it ; when tl 
at equal distances from the lens, they are equal i 
but when the object is further from the lens tl 
image, the image is less than the object. Thei 
ciples lead to an understanding of those inte 
and wonderful instruments, the Microscope a 
Telescope, to which our attention will herea 
directed. 

' Sec. 2. Of Colors, 

169. The philosophy of colors has been ui 
chiefly by means of the Prism. A Prism is j 
gular piece of glass, usually four or ^we inche 
presenting three plane smooth surfaces. Wh 
look through the prism, all external objects ap] 

168. How do the rays go out when a lamp is placed in tb 
How when the lamp is farther from the lens than the focus ? 
the size of the image affected by its distance from the lens 7 
the image changed by withdrawing the lamp ? 

169. By what instrument has the philosophy of colors beez 
ed 7 Define a prism. What appearances does it present « 
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brilliant hues, diversified by the various colors 
linbow. The reason of this is, that light con- 
seven different colors, which, when in union 
h other, compose white light ; but when sepa- 
)pear each in its own peculiar hue. The dif- 
lors are as follows — violet, indigo, blue, green, 
orange, red. The prism separates the rays 
light, in consequence of their having the prop- 
andergoing different degrees of refraction in 
through it, the violet being turned most oy,t of 
e and the red least, and all the others differ- 
ng themselves in this respect, as is shown in 
>wing diagram. E F represents the window 

Fig. 89. 




)f a dark room, through a small opening in 
beam of solar rays shines. They fall on the 
B C, and are refracted, by which they are 
pwards, but in different degrees, the red least 
iolet most. By this means they are separated 
h other, and lie one above another on the op- 
fa it ? • Why ? Seven colors of the spectrum. Why does 
separate the different colors ? Explain Fig. 89. How 
compose the spectrum into white light ? 
15 
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posite waB, constituting the beautiful object called the ^. 
solar spectrum. We may now imroduc© a doubJe con- ' 
vex lens into the spec mnn, just behind the pnam, m^ 
collect all the rays which have been separated by the 
prism, and they will recompose white light, Tba 
elongated spectrum on the wall» presenting the sereit 
primary colors, wiU TaniBh, and in the place of it wiE 
appear a round image of the bum as white as snow. 

170. We may now leam the reason why so many 
different colors appear when we look ihroughtjatpfisin. 
The leaves of a tree, for example^ seem to setid fortli 
streams of red light on one side and of violet on die 
other. The intermediate colors lap over, and partly 
neutralize each other, while on the margin each color 
exhibits its own proper hue. 

171. The rainbi^w owes its brilliant colors to l^l 
same cause, namely, the production of the individiiil 
colors that compose solar light, ia consequence of 
the separation they undergo by refraction in pass^ 

' through drops of water. Although drops of water a* | 
small objects, yet niys of light are still smaller, aid | 
have abundant room to enter a drop of water on au 
side, to be reflected from the opposite surface, and » 
pass out on the other ^ide, as is represented in the:fiit 
lowing figure. The solar beam enters the drop of ma 
and some portion (a very small portion is sufBcLeot] 
being refracted to B, theji reflected and finally refrac- 
ted again in leaving the drop, ia conveyed to the ey» 
of the spectator. As in undergoing these two re&ws^ 
tions, some rays are refracted more than others, cona*- 
quently they are separated from each other, and comlog 
to the eye oi the spectator in this divided state, pTodiK» 

170. Why do 80 man? different colors nppc ar whicn we look tluov^ 
the prism ? Explain tne appeanuice of Ihc Leaves of a tree. 

171. To what does the rainbow owe its colors 7 Eicpfain bow tht 
separation of coIoxb is produced. To what part of the bow doe« A* 

Une pass which joins tne svm u^xVs «f^« olvub v^Afttatoc 7 How b^ 
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each its own color. The spectator stands with his 
back to the sun, and a straight line passing from the 

Fig 90. 




^ ran through the eye of the spectator, passes also 

b duough the center of the bow. When the sun is set- 

I ting, 80 that this line becomes horizontal, the summit 

I tf the bow reaches an altitude of about 42°, and the 

= bow is then a semicircle. When the sun is 42° high, 

~ die same line would pass 42° below the opposite hor- 

\ nm, and the sununit of the bow would barely reach 

die hoiizon. When the sun is between these two alti- 

tndes, the bow rises as the sun descends, composing 

a birger and larger part of a circle until, as the sun 

lels, it becomes an entire semicircle. 

172. The varied colors that adorn the face of nature. 
It seen in the morning and evening cloud, in the tints 
of flowers, in the plumage of birds and wings of cer- 
tain insects, mnd in the splendid hues of the precious 
nnis, arise fi^m the different quaUties of different 
bodiefl in regard to the power of refracting or of re- 
flecting light. When a substance reflects all the pris- 
Buuic rays in due proportion, its color is white ; when 
i it absorbs them all, its color is black ; and its color is 

^BMthetf^ofthe bow reach when the sun is setting ? Where is it 
whnthe mm ii 42^ above the western horizon ? When the suxl \&b»&- 
tireen these twopointa ? 
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blue, green or yellow, whea it liappefls Jlo reibetfl 
of these colors, and to absorb all IImi othsA of the i 
trum. These hues are endleteljr Tuied by the ] 
natural bodies have of reflecting a mizUire of so 
the primary colors to the ezclnsioa of others, 
new proportion producing a different duido. 

Sbc. 3. Of Vision. 

173. WheneTer we admit into a dark rooml 
an opening in the shutter, light reflected from i 
objects without, an- inverted picture of these . 
will be formed on the opposite walL A room i 
for exhibiting such a picture, is called a Cdrnans i 
scura. In a tower which has a window opening^ 
wards the east, upon a beautiful public sqaarb, i 
ing chuf ches and other public butldings, and i 
trees, and the various objects of a populous city, a I 
tie dark chamber is fitted up for a camera ob 
having a white concave stuccoed wall opposite to t 
window, ten feet from it, and all the other parts of ihi I 
foom painted black. The afternoon, when the m! 
is shining bright in the west, and all objects sees to 
the east present their enlightened sides towards fls 
window, is the time for forming the picture. For Ail 
purpose, a round hole about tb^ee inches in diamettf 
is prepared in the shutter, which admits the only light 
that can enter the room. The room is made blM 
every where except the wall that is to receive the pifr 
ture, otherwise light would be reflected from diflfensl 
parts of the room upon the picture ; whereas it is esseih 
tial to its distinctness, that the imao^e should be ims^ 
— • -a jB 

172. How are the colors of natural objects produced ? Wbea is Ai 
color white, or red, or blue ? How are the colors yaiied ? 

173. How may a picture be formed in a dark room? What Is itaiik 
ed ? Describe the Camera Obscura mentioned. When is ^' 

for forming the picture 7 Why is the room painted blaekf m 
wall opposite the window t 
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I 
companied by light from any other source. The wall 
t!hat is to receive the picture is made concave, so that 
Bvery part of it may be equally distant from the orifice 
In the shutter. 

174. We now close the shutter, and instantly there 
appears on the opposite wall a large picture, represent- 
ing all the varied objects of the landscape seen from 
tlie window, as churches, houses, trees, men and wo- 
rsen, carriages and horses, and in short every thing 
tliat is in view of the window, including the blue sky, 
^nd a few white clouds that are sailing through it. 
dach is represented in its proportionate size and color, 
^nd if it is moving, in its true motion. Two circum- 
stances, only, impair the beauty of the picture ; one is, 
Ihat it is not perfecly distinct, the other, that it is in- 
serted — the trees appear to grow downward and the 
people to walk with their feet above their heads. The 
picture appears indistinct, because the opening in the 
shutter is so large that rays coming from different ob- 
jects fall upon the picture and mix together, whereas 
each point in the image must be formed alone of rays 
coming from a corresponding point in the object. We 
will therefore diminish the size of the opening by cov- 
ering it with a slide containing several holes of differ- 
ent sizes. We will first reduce the diameter to an 
inch. The picture is now much more distinct, but yet 
Lot perfectly well defined. We will therefore move 
the slide, and reduce the opening to half an inch. 
Now the objects are perfectly well defined, for through 
80 small an opening none but the central ray, or axis, 
of each pencil can enter, and each axis will strike the 
opposite wall in a point distinct from all the rest. But, 
though the picture is no longer confused, yet it lacks 
brightness, for so few rays scattered over so large a 

174. On dosing the ghutter, nba^ t umMrnx m^ »-e8 ? 

What two ciicimistances uno^^^' ^^- 

JHtiDet— Howiendfliad no* 
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surface, are insiifficient to form a bright : 
will now remove the slide, open the origi 
three inches, which lets in a great abund 
and we will place immediately before 
(within the room,) a convex lens of te 
which will collect all the scattered rays 
foci, and thus form a picture at once distin 
so that the most delicate objects without, 
bling of the leaves of the trees, and the 
tions of animals, are all very plainly discei 
one thing is wanting to make the picture 
that is, to turn it right side upwards. ' 
done, and is done in some forms of th^ can 
but for our present purpose, which is to 
'principles of the eye, where the image f< 
inverted, it is better as it is. 

175. The 
Fig. 91. mera obscuri 

nalogy betwe 
pal parts an 
vances empl 
a picture of 
jects, as in t 
dark chambe 
very striking 
son. Figure ! 
the human ey 
circular char 
black on all sides except the back part, call 
which is a delicate white membrane, 11 
gauze, spread to receive the image. Th( 
the eye, A, is a lens of a shape exactly a 
purpose it is intended to serve, which pro 




orifice is small — What does the picture now lack ? ] 
at once well defined and bright ? 

175. Analogy of the eye to the Camera Obscura. ] 
irom Fig. HL 



omcB, m 



s to receire the light that oooies in ndefr^rm,aBd 
es it into the eye. Thefi^nZisaaopeiiiiigbeCveeB 
i c, like the opening in the window thotter, joit be- 

which is a convex lens, B, which collects all ihit 
;ered rays, and brings each pendl to a aqmate ^ 
where they unite in forming a hn^xL and beaadfidly 
net image of all external ob|ects. O rep r cael s 
op^ie nerv6, by which the sensations made on iIk 
la are conveyed to the biain. The siiwunrea 
L which the several parts of the eye. A, B, and C, 
filled, are limpid and tzanspaient, and pnrer tkan 
clearest crystal. 

76. It is essential to distinct vision, diat die lajs 
ch enter the eye should be biou^ accnntdj to 
cus at the place of the retina ; and in nine^-nine 
3S outof ahmidred, this adjustment is perfects Bat 

few instances, the lens, B, called the crystaQuut 
\or^ is too convex, and then the image is famed be* 

it reaches the retina. This is the case with Dear* 
ited people. Their eyes are too convex ; bat by 
iring a pair of concave spectacles, they can destroy 

excess of convexity in the eye, and then the cryik 
ine lens will bring the li^ to a focus on the retina 
. the sight will be distinct Sometimes, particti' 
y as old age advances, the crystalline lens becomes 
} convex, and does not bnng the rays to a focus 
a enough, but they meet the retina before they have 
ae accurately to a focus, and form a confused im- 
>. In this case a pair of convex spectacles aids the 
stalline lens, and both together cause the image to 

exactly on the retina. As a piece of mechanism, 

eye is unequalled for its beauty and perfection, and 
part of the creation proclaims more distinctly both 
i existence and the wisdom of the Creator. 

76. What is essential to distinct vision ? Imperfection when Urn 
italline lens is too convex — ^how remedied — ako when not cqvmvl 
ugh— remedy ? Perfection of the eye. 
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177. The Microscope is an optical iiifttiiiiieiiti d» 
signed to aid the eye in the inspeetiflii of Mmrfrcih 
jects. The sipiplest ndciosa^ is a conveK leDS^Bi 
a spectacle glass. This, when applied to ntdl ol^ael^ 
as the letters of a hook, renders mem both laifte «al 
more distinct. When an object is brought neanr sad 
nearer to the eye, we finally reach s pdidt -mUMf^ 
which vision begins to grow in^rfect . Utat.Miit 
is called the limit of dutinet msion. Its dislaabaii 
about five inches. If the object be bimig^ neMM 
than this distance, the rays come to the eye too ^Bve^ 
ing lor the lenses of the eye to bring thena to ^1&0 
soon enoagh, so as to make their image fiJl iteiak 
on the retina. Moreover, the rajrs which pnd m 
from the extreme parts of the object, meet the eyelfe fc 
obliquely to be brought to the same focus with thui 
rays which meet it more directly, and hence ccmtrihili 
only to confuse the picture. 

178. We may verify these remarks by bringntt 
gradually towards the eye a printed page with srau 
letters. When the letters are within two or tfarM 
inches of the eye, they are blended together and »• 
thing is seen distinctly. If we now make a pin-hub 
through a piece of paper, and look at the same letten 
through this, we find them rendered far more distmct 
than before at near distances, and larger than oidiBa- 
ry. Their greater distinctness is owing to the ezdor 
sion of those oblique rays which, not being brought bf 
the eye to the same focus with the central rays, only 
tend to confuse the image formed by the latter. Af 

177. Define the microscope. What is the simplest fonn of the ■!- 
croscope ? Its effect upon the letters of a book. What is tbe liaut cf 
distinct vision ? Why do objects appear indistinct when 
this? 

178. Example in a printed page^Appearance thnmsli a 
To what is the greater distiotness owing f— The increaaedh * 
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only the central rays of each pencil can enter so small 
an orifice, the picture is made up chiefly of the axes 
of all the pencils. These occupy each a separate 
point in the image, a point where no other rays can 
reach. The increased magnitude of the letters is owing 
to their being seen nearer than ordinary, and thus un- 
der a greater angle, and of course magnified. 

179. A convex lens acts much on the same princi- 
jdes, but is still more efifectual. It does not exclude 
the oblique rays, but it diminishes their obliquity so 
much as to enable the eye to bring them to a focus, 
at the distance of the retina, and thus makes them con- 
tribute to the brightness of the picture. The object is 
nutgnified, as before, because it is seen nearer, and 
consequently under a larger angle, so that the eye can 
distinctly recognize minute portions of the object, 
which were before invisible, because they did not oc- 
cupy a sufficient space on the retina. Lenses have 
greater magnifying power in proportion as the convex- 
ity is greater, and of course the focal distance less. 
Since the magnifying power of the microscope arises 
from its enabling us to see objects nearer and under a 
larger angle, that power is increased in proportion as 
the focal distance is less than the limit of distinct vis- 
ion. The latter being five inches, a lens which has 
a focal distance of one inch, by enabling us to see the 
object five times nearer, enlarges its length and breadth 
each five times, and its surface twenty-five times. 
Lenses have been made capable of afifording a distinct 
image of very minute objects, when their focal dis- 
tances were only one-sixtieth of an inch. In this case, 
the magnifying power would be as one-sixtieth to five ; 

179. Explain the mode in which a convex lens acts. Why it makes 
flbjects appear brighter and larger. What lenses have the greatest 
Magnifying power ? Power of a lens of one inch focus — of one sixtieth 
of an inch focus. 
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or it would magnify tli© lengtli and lireadth ea^li SOfl 
times, and the anrmce 90,000 timea> 

180. The Magic Lantern and Sohr Mieroscopf owe 
their astonishing effects to the magnifying power of i 
simple lens. When the image so much exceeds tk r 
object in magnitude ^ were the object only enlightened r 
by the common light of day, when it came to be diifij- ' 
sed over so great a space, it would be very feeble, and 
the image would be obscure and perhaps invitiblfi. 
The two instnimenta just named, have each an appir 
ratus connected with the magnifying lens, which senas 
to illuminate the object highly, so that when the rayt 
that proceed from it and form the enlarged image are 
spread over so great a space, they may still be sufB- 
cient to render the image bright and distinctly visible, 

Fig. 92. 




181. In the Magic Lantern, the illumination is s^ 
forded by a lamp, the light of which is reflected (soA 
a concave mirror placed behind it, which makes thi 
light on that side return to unite with the direct ligt* 



160. To what arc tlic effects of the Mjigic Lantern vid the Sobt 
M ic roEscope o wiitg ? Uate of all the otbiet psiVa of \h& appaiatiu, eim«(A 
thv migniJier ? 

IRL How is thfi illuininiilion effected in iKe rongic laateiat Dd* 
cr tbe Fig. 92. Wbal sorts o f obj uots are oxliibited I 



OPTICS. 179 

of the lamp, so tbat both fall on a large lens which col- 
lects them upon the object, thus strongly illuminating 
it The foregoing diagram exhibits such a lantern, 
"where the concave mirror behind is seen to reflect 
back the light to unite with that which proceeds di- 
lectly from the lamp, so that both fall on the large con- 
vex lens at C, which collects them upon the object at 
B. This is usually painted in transparent colors on 
1^, and may be a likeness of some individual, small 
mthe picture, but when magnified by the lens. A, and 
die image thrown on a screen or wall, F, will appear 
18 large as life, and in strong colors ; or the objects 
■ay be vie>gs of the heavenly bodies, which are thus 
rendered very striking and interesting ; or they 
My illustrate some department of natural history, as 
liirds, fishes, or plants. 

182. The Solar Microscope is the same in princi- 
ple with the Magic Lantern, but the light of the sun 
instead of that of a lamp is employed to illuminate the 
object. As a powerful light may thus be commanded, 

ITery great magnifiers can be employed ; for if the ob- 
ject is highly illuminated, the image will not be feeble 
or obscure when spread over a great space. By means 
of this instrument, the eels in vinegar, which are usu- 
[ally 80 small as to be invisible to the naked eye, may 
f be made to appear six feet in length, and, as their mo- 
^tkms as well as dimensions are magnified, they will 
^m^>ear to dart about with surprising velocity. The 
fiest works of art, when exhibited in this instrument, 
exceedingly coarse and imperfect. The eye 
a finished cambric needle appears full of rough pro- 
the blade of a razor looks like a saw ; and 
finest muslin exhibits threads as large as the cable 
a ship. Thus, the small and almost invisible insect 

Mns. Solar B(icro6cope, how it differs from the Magic Lantein — 
^ f (greater magnifiers can be used — M)pearance of the eels in vine- 
£bw do tEe works of art appear i liow small isMctA X 
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represented in figure 93, gives out, wlien illnmissM^ 

BO few rays, that when spread over the large aurfaw 
of the image, the light would be too feeble lo render 
the iniage visible ; but, on strongly illuniinatmg Qitf 

Fig. oa 




Insect by concentrating upon it a large beam of M 
sun's light, the unage becomes distinct and beauti^ 
although perhaps a million times as large as the olJK* 
Eren the minute parts of the insect, as the hairs oa M 
legs, are revealed to us by the micros cope- 

Sec- 5, Of the Telescope, 

183. The Telescope is an inatrument employed fi 
viewing distant objects. It aids the eye in two wija 
first, by enlarging the angle under which objects ii 
seen, and, secondly, by collecting and conveyliigl 
the eye a much larger amount of the light that pw 
ceeds from the objectj than would enter (he naked ptt 
pil. We first form an image of a distant obpeti (h 



183. DflGufi tba Tekucope. Iq what two wtiys doet it aid tbe«F^ 
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• ^10011, far example, and then magnify that image by a 

^Enteroscope. The image may be formed either by a 

■ ^C^oncave mirror or a convex lens, for both, as we have 

4^ieen, form images. Although we cannot go to distant 

objects, as the moon and planets, so as to view them 

Vnder the enlarged dimensions in which they would 

^en appear, yet by applying a microscope to the im- 

«ge of one of those bodies, we may make it appear as 

^pk would do were we to come much nearer to it. To 

^bly s microscope which magnifies a hundred times, 

~ ii^kB same thing as to approach a hundred times nearer 

I* Aa body. 



Fig. 94. 




184. Let A B C D represent the tube of the teles- 
cope. At the front end, or the end which is directed 
towards the object, (which we will suppose to be the 
inoon,) is inserted a convex lens, L, which receives 
the rays of light from the moon, and collects them into 
the focus at a, forming an image of the moon. This 
image is viewed by a magnifier attached to the end 
B C. The lens L is called the object-glass, and the mi- 
croscope in B C the eye-glass. A few rays of light 
only from a distant object, as a star, can enter so small 

State the main principle of this instrument. How may the image be 
ibrmed ? How it brings objects nearer to us. 

184. Describe the telescope as represented in Fig. 94. Point out 
the object-fhiss, and the eye-glass. WhaX iB the xxBe ol ^\«x^<it ^Jci\t^v 

16 
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a space as the pupil of the eye ; but s leas one fi»tii be 
diameter will collect a beam of lig^ equal to a cjfm rr 
der of the same dimensions, and cbnrey it to the qi io 
The object glass merely forms an image of die oifayiil it3 
but does not magnify ; the microecope or eye 
magnifies. By £e8e means, many coecure 
objects become distinctly yisible, which wonld 
wise be too minute, or not sufficiently hminoDS^ la1 
seen by us. A telescope like the foregoing, ~ 
simply an object glass and an eye ^8M, inreiti 
jects, since the rays cross each other before tbey ~ 
the image. By employing more lenses, it mnr 
turned back again, so to appear in its natural ^ ^ 
as is usually done in spy glasses, or t)^ pi 
scopes used in the day time. But; sihOe - ereiy 
absorbs and extinguishes a certain portion of the' 
and since, in viewing the heavenly bodies, "we 
wish jto save as much of the light as possible, 
nomical telescopes are constructed with these tipf 
glasses only. 

185. Instead of the convex object glass, we maf 
employ the concave mirror to form the image. Whet 
the lens is used, the instrument is called a refraciiitf, 
telescope ; when a concave mirror is used, it is called 
a reflecting telescope. Large reflectors are more easily 
made than large refractors, since a concave mirror may 
be made of any size ; whereas, it is very difficult to 
obtain glass that is sufficiently pure for this purpose 
above a few inches in diameter, although Refractors 
are more perfect instruments than Reflectors in pro- 
portion to their size. Sir William Herschel, a great 
astronomer of England, of the last century, made a re- 



glass ? Which glass collects the light— which magnifies ? Can the 
image be made to appear erect ? Why not done in the astronomidi 
telescope ? 

185. Point out tVie diatuictvon. between refracting and reflecting telei- 
copes. Give an accoxuiX oi Bfix&c^CkJi^^ 9«»x\a^«w»^. 
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jcting telescope forty feet in length, with a concave 
irror more than four feet in diameter. The mirror 
one weighed nearly a ton. So large and heavy an 
strument must require a vast deal of machinery to 
ork it and to keep it steady ; and. accordingly, the 
ime work surrounding it was formed of heavy tim- 
!rs, and resembled the frame of a house. When one 
the largest of the fixed stars, as Sirius, was enter- 
g the field of this telescope, its approach was an- 
»unced by a bright dawn like that which precedes 
e rising sun ; and when the star itself entered the 
dd, the light was too dazzling to be sieen without a 
lored glass to protect the eye. ' 
The telescope has made us acquainted with innu- 
erable worlds, many of which are fitted up in a style 
far greater magnificence than our own. To the in- 
resting and ennobling study of these, let us next di- 
et our attention. 
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PART II. 

ASTRONOMY. 



CHAPTER I. 
DOCTRINE OF THE SPHERE. 

DEFINITIONS— DIUBNAL BBYOLUTIONS. 

186. Astronomy t^ that science which treat 
heavenly bodies. More particularly, its objei 
teach what is known respecting the Sun, Mooi 
ets. Comets, and Fixed Stars ; and also to exp 
methods by which this knowledge is acquired. 

187. Astronomy is the oldest science in the 
but it was cultivated among the ancients chiefl} 
purposes of Astrology. Astrology was the art 
telling future events by the stars. Its discipl 
fessed especially to be able to tell from the app 
of the stars at the time of any one's birth, wha 
be his course and destiny through life ; and, i 
ing any country, and public events, what W) 
their fate, what revolutions they would underg 
wars and other calamities they would suffer, 
good fortune they would experience. Visioi 



186. Define Astronomy — What is its object ? 

187. Antiquity of the science — For what purpose 
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this art was, it nevertheless led to the careful ohser- 
nation and study of the heavenly hodies, and thus laid 
the foundations of the beautiM temple of modem as- 
tronomy, 

188. Astronomy is a delightful and interesting study, 
"when clearly understood ; but it is very necessary to 
a clear understanding of it, that the learner should 
think for himself, and labor to form an idea in his 
mind of the exact meaning of all the circles, lines, 
and points of the sphere, as they are successively 
defined ; and if any thing at first appears obscure, he 
may be assured that by patient thought it will clear 
^p and become easy, and then he will understand the 
great machinery of the heavens as easily as he does 
that of a clock. ** Patient thought," was the motto of 
Sir Isaac Newton, the greatest astronomer that ever 
lived ; and no other way has yet been discovered of 
obtaining a clear knowledge of this sublime science. 

1 89. Let us imagine ourselves standing on a huge 
ball, (for such is the earth,) in a clear evening. Al- 
though the earth is large, compared with man and his 
Works, yet it is very small, compared with the vast 
extent of the space in which the heavenly bodies move. 
When we look upward and around us at the starry 
heavens, we must conceive of ourselves as standing 
on a small ball, which is encircled by the stars on all 
Bides of it alike, as is represented over the leaf; and 
^e must consider ourselves as bound to the earth by 
an invisible force, (gravity,) as truly as though we 
"were lashed to it with cords. We are, therefore, in 
no more danger of falling off, than needles are of fall- 

tmong the ancients ? Define astrology. What did its disciples pro- 
fess ? To what good did it lead ? 

188. What is necessary to a clear understanding of Astronomy 7 
What was the motto of Newton 7 

189. Where shall we imagine ourselves standing 7 What is said of 
the size of the earth 7 Are persons on the opposite side of the earth in 

16« 
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ing from a magnet or loadstone, w]iMiih«7in4ttMUi Hi 
to it on all sides. We must thus fimilianBe.oinsiIni 
to the idea that up and doum are not afrgdnts jdiwAw 



Fig 06. 




in space, but we must endeavor to make it seem to 
up in. all directions from the ts^ter of the earth, afil 
down on all sides towards the center. If people ct 
the opposite side of the globe seem to us to have theit 
heads downwards, we seem to them to have ours ii 
the same position ; and, twelve hours hence, we sbil 
be in their situation and they in ours. We see W 
half the heavens at once, because the earth hides the 
other part from us ; but if we imagine the earth to 
grow less and less until it dwindles to a point, so li 
not to obstruct our view in any direction, then w« 
should see ourselves standing in the middle of a vast 
starry sphere, encompassing us alike on all sides. It 

danger of falling off? What idea must we form of up and doum f How 
should we view the heavens if the earth were so smaU as not to ol^ 
struct our view ? 
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Lew of the hearens llixt the i 
in the eye of his miiid. 
3 are apt to bnng along wvih ns ^ first 
5 of childhood ; namely, that the son, moony 
re all fixed on the smiftoe of the sbp, whick 
; to be a real smface, like that of an arched 
It it is time now to diianiss soch rhildiak 
d to raise oar tlioiigfats to more just views 
ition. Our eyendght is so limited that we 
inguish between different distances, except 
rate extent ; beyond, all objects seem to us 
; distance, whether Uiey are a hundred or a 
es off. The termination of this extent of 
being at equal distances on all sides of us, 
to stand under a Tast dome, which we call 
The azure color of the sky, when clear, is 
e than that of the atmosphere itself, which, 
)rless when seen in a small volume, betrays 
liar to itself when seen through its whole 
^ere it not for the atmosphere, the sky would 
}k, and the stars would seem to be so many 
1 a black ground. 

r the purpose of determining the relative 
■ places, both on the earth and in the heav- 
arious circles of the sphere are devised; 
contemplating the sphere marked up as ar- 
esentations of it are, we must think of our- 
tanding on the earth, as on a point in the 
)undless space, and see, with our mental 
Lire sphere of the heavens, undefaced with 
ude lines. If we could place ourselves on 

erroneous conceptions are we apt to form in childhood of 
I and stars ? Impossibility of distinguishing diffen^nt 
le eye. Under what do we appear to stand 7 To what 
or of the sky owing ? 

lat purpose are the circles of the sphere devised ? What 
fore studying the artificial representations of the spl^re 7 
and on oi^e of the stars wh^t should we see 7 Vvkitk do 
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•ay one of the stars, we shoald see a stanj 6m 
over our heads, similar to that we see now. 1 
though we obtain the most correct and agrees 
well as the most sublime views of the heavenly 1 
when we think of them as they are in natore— 
scattered at great distances from each other, d 
boundless space^ — yet we cannot make much p 
in the science of astronomy, unless we learn Ui 
ficial divisions of the sphere. Let us,theref<Mr 
torn our attention to these. 

Id2. The definitions of the different lines, 
and circles, which are used in astronomy, m 
propositions founded on them, compose the dad 
th$ sphere. Before these definitions are given, 
atteiM to a few particulars respecting the mel 
measuring angles. (See Fig. 96.) Alinedran 

the center to thee 

Fig. 96. ference of a cii 

called a retdius, 9 

CB,orCK. A 

of the circumfer 

a circle is called 

asAB,orBD. A 

is measured by j 

included betwec 

radii. Thus, in 

96, the angle ii 

between the tw< 

C A and C B, 

the angle A C 

measured by the arc A B. Every circle is 

into 360 equal parts, called degrees; and any 

A B, contains a certain number of degrees, ac« 




we obtain the most agreeable and sublime views of the hea 
dies ? What else is necessaiy to our progress ? 

192. Define the doctrine of the sphere. What is the radiui 
cle— an arc— an aajcle ? Explain by Fig 96. Into how n 
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to its length. Thus, if an arc, A B, contains 40 do- 
nees, then the opposite angle is said to be an angle 
of 40 degrees, and to be measured by A B. But this 
arc is the same part of the smaller circle that E F is 
of the greater. The arc A B, therefore, contains the 
same number of degrees as the arc £ F, and either 
may be taken as the measure of the angle A C B. As 
the whole circle contains 360 degrees, it is evident 
ihat the quarter of a circle, or quadrant^ contains 90 
degrees, and that the semi-circle contains 180 degrees. 
193. A section of a sphere, cut through in any di- 
rection, is a circle. Great circles are those which 
|MLS8 through the centre of a sphere, and divide it into 
two equal hemispheres. Small circles are such as do 
not pass through the center, but divide the sphere into 
•wo unequal parts. This distinction may be easily 
exemplified by cutting an apple first through the cen- 
ter, and then through any other part.* The first sec- 
lion will be a great, and the second a small circle. 
The axis of a circle is a straight line passing through 
its center at right angles to its plane. If you cut a 
circle out of pasteboard, and thrust a needle through 
the center, perpendicularly, it will represent the axis 
of the circle. The pole of a great circle, is the point 
on the sphere where its axis cuts through the sphere. 
Every great circle has two poles, each of which is 
Bvery where 90 degrees from that circle. All great 
circles of the sphere cut each other in two points, di- 
unetrically opposite, and consequently their points of 

*It it strongly recommended that young leamen be taught to verify the 
IcAnitions in the manner here proposed, 

■-■ ■ .■„■'. —» 

brees is every circle divided? Does the arc of a small circle contain 
tEe same number of degrees as the corresponding arc of a large circle ? 
How many degrees in a quadmnt — in a semi-circle ? 

193. What figure does any section of a sphere produce ? Define 
^eat circles — smaU circles. How may this distinction be exemplified ? 
l>^ne the axis of a circle — the pole. How many poles has every 
great circle ? How many degrees is the pole from llae eSxc\«Di'ei«oss%'\ 
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8ecti(m are 160 degrees apaii T1uiii,if we enll 
apple throagh the center, in two diffaraU * 
we shall find that the points where the eirdes i 
sect one andd&ery are directly opposite to each i 
and hence the distance between them li half i 
the ap|^e« and, of conrse, 180 degrees. A _ 
the sphere, 90 degrees distant from any great^ 
the pok of that circle ; and every circle Oftth 
drawn from the pole to the circumference of i 
cle, is at righi angles to it. Such a circle is < 
secondafy of the circle throngh whoee pole it [ 

194. In order to fix the position of any placeii 
on the surface of the earth or in the hsaTens, Ml 
earth and the heav^as are conceiTed to be dhiisil 
separate portions, by circles which are 
cut through them in yarious ways. The eai&^t 
interseftsted, is called the terrestrial^ and tlie I 
the celestial sphere. The great circles described'i 
the earth, extended to meet the concave aphere rf f 
heavens, become circles of the celestial sphere. 

The Horizon is the great circle which divides i 
earth into upper and lower hemispheres, and sep ' 
the visible heavens from the invisible. This is i 
rational horizon : the sensible horizon is a circle 1 
ing the earth at the place of the spectator, and i 
bounded by the line in which the earth and sky ( 
to meet. The poles of the horizon are the zenith t 
nadir. The zenith is the point directly over our headirl 
the nadir, that directly under our feet. The pis 
line, (such as is formed by suspending a bullet byi 
string,) coincides with the axis of the horizon, i 
consequently is directed towards its poles. EvsijI 

How does a great circle passing through the pole of another great eudi 1 
cut the circle ? What is! such a circle called ? I 

194. How are the earth[and heavens conceived to be divided T Whtf | 
is the terrestrial, and what the celestial sjj^here ? How do tetrestiMi I 
circles become celestial 7 Define the horizon. Distinguish betwMS 
the rational and the sensible horizon. Define the aenith ind Bsdib < 
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n the surface of the earth has its own horizon ; 

e traveller has a new horizon at every step, 

extending 90 degrees from him in every cfi- 

Vertical circles are those which pass through 
es of the horizon, (the zenith and nadir,) per- 
iilar to it. The Meridian is that vertical circle 

passes through the north and south points, 
ntmc Vertical, is that vertical circle which passes 
1 the east and west points. The altitude of a 
ly body, is its elevation above the horizon, 
•ed on a vertical circle ; the azimuth of a body 
{stance, measured on the horizon, from the me- 
to a vertical circle passing through that body ; 
e amplitude of a body is its distance, on the 
1, north or south of the prime vertical. 

In order to make these definitions intelligible 
niliar, I invite the young learner, who is anx- 
acquire clear ideas in astronomy, to accompany 
ne fine evening under the open sky, where we 
ve an unobstructed view in all directions. A 
. sea would afford the best view for our purpose, 
evel plain of great extent will do very well, 
rry the eye all round the line in which the sky 
to rest upon the earth : this is the horizon. I 
line with a bullet suspended, and this shows 

true direction of the axis of the horizon ; and 
upwards in the direction of this line to the ze- 
irectly over my head, and downwards towards 
Hr. If I mark the position of a star exactly in 
lith, as indicated by the position of the plumb* 

I what points is the plumb line directed 7 How many hoiii- 

I be imagined 7 

)eime vertical circles — the meridian — the prime vertical — al- 

izimuth — amplitude. 

Vhat is propc^ed in order to make these definitioDS intAlli^hlA 

liar? What situation would affofdAAbMttvS'^ 9 

shall successiTely denote the por 
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line, and then turn round and look upward towards 
zenith, I shall probably not see the star, because I 
not look high enough. Most people will find, if 
first fix upoif a star as being in the zenith when th( 
faces are towards the south, and then turning round I 
the north, fix upon another star as near the zenill 
(without reference to the first,) they will find that tl 
two stars are several degrees apart, the true zenil 
being half way between them. This arises from di 
difliculty of looking directly upwards. 

197. Having fixed upon the position of the ze: 
I will point my finger to it, and cany the finger " 
to the horizon, repeating the operation a number 
times, from the zenith to dififerent points of the ' 
2on : the arcs which my finger may be conceived ti 
trace out on the face of the sky, are arcs of vertical 
circles. 1 will now direct my finger towards thl 
north point of the horizon, (having previously ••• 
certained its position by a compass,) and carry it up^ 
wards through the zenith, and down to the south poul 
of the horizon : this is the meridian. From tta 
south point, I carry my finger along the horizon, fini 
towards the east, and then towards the west, audi 
measure off arcs of azimuth. 1 might do the sami 
from the north point, for azimuth is reckoned east tsi 
west from either the north or the south point. I wfll 
again direct my finger to the western point of the hori- 
zon, and carry it upwards through the zenith to the 
east point, and I shall trace out the prime vertical 
From this, either on the eastern or the western side, 
if I carry my finger along the horizon, north and south, 
I shall trace out arcs of amplitude. I will finally fix 



zon — ^the zenith and nadir. Difficulty of looking directly to the ifr* 
nith. 

197. How to mark out with the finder vertical circles — the mendi* 
an— arcs of azumuth— the prime vertical — arcs of amplitude— aici ti 
altitude 7 
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on a certain bright star, and try to determine 
it is above the horizon. This will be its alti- 
t appears to be about one third of the way 

horizon to the zenith ; then its altitude is 30 

But we are apt to estimate the number of 

near the horizon too large, and near the zenith 

1, and therefore I look again more attentively, 

some allowance for this source of error, and 
the altitude of the star to be about 27 degrees, 
:ourse its zenith distance 63 degrees. 
The Axis of the earth, is the diameter on which 
h is conceived to turn in its daily revolution 
st to east. The same line continued until it 
le concave of the heavens, constitutes the axis 
elestial sphere. We will take a large round 
od run a knitting-needle through it in the di- 
3f the eye and stem. The part of this that 
lin the apple, represents the axis of the earth, 
prolongation (conceived to be continued to the 
3 axis of the heavens. We do not suppose 
re is any such actual line on which the earth 
ny more than there is in a top on which it 
)ut it is nQY^ftheless convenient to imagine 
ine, and to represent it by a wire.* TYie poles 
jrth are the extremities of the earth's axis ; 
9 of the heavens are the extremities of the ce- 
xis. 

The Equator is a great circle, cutting the axis 
arth at right angles. The intersection of the 
' the equator with the surface of the earth, con- 



nee shows that it if necessary to ^ard yoanf? learners fVom the 
iposiiif^ that our artifirial represeutations of the sphere actually 
lings as they are in nature. 

fine the axis of the earth — axis of the celestial sphere. How 
•presented by means of an apple ? Is there any such actual 
ich the earth turns ? Distinguish between the ]^lea q{ tbft 
the poles of the he&venB, 

17 
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Btitateft the terrestrial, and its intenectkm widi 
concave sphere of the heavens, the eehitid 
We have before seen (Art. 195) that every place oi 
earth has its own horizon. Wherever one tttndi 
the earth, he seems to be in the center of a 
which boonds his view. If he is at the eqpntor, 
circle passes through both the poles; or, in 
words, at the equator the poles lie in the * 
Let us imagine ourselves standing there on the 
of March, when the sun rises due east and tett 
west, and appears to move all day in the 
equator, and let us think how it would seem to M 
sun, at noon, directly over our heads, and at 
see the north star just glimmering on the noith 
of the horizon. It we sail northward from the 
tor, the north star rises just as many degrees aboft' 
horizon as we depart from the equator ; so that fay' 
time we reach the part of the globe where we B 
the north star has risen almost half way to the ixsiM 
and the axis of the sphere which points towards Ai 
north star, seems to have changed its place as we biM 
changed ours, and to have risen up so as to malwi 
large angle with the horizon, and the sun no loogtf 
mounts to the zenith at noon. 

200. Now it is not the earth that has shifted itspf 
sition ; this constantly maintains the same place, arf 
so does the equator and the earth's axis. Our horuoii 
it is that has changed ; as we left the equator, a net 
horizon succeeded at every step, reaching constaodf 
farther and farther beyond the pole of the earth,* 
dipping constantly more and more below the celesdil 
pole ; but being insensible of this change in our hori- 

. .... .. " . —- ^a a» 

199. Define the equator. Distinction between the terrestrial vd 
the celestial equator. Where do the poles of the equator lie ? IIo« 
would the sun appear to move to a spectator on the equator ? Whert 
would the north star appear ? How, when we sail northward fiwinthi 
equator ? What appaieivt c\vaxifE<& Vci\)cv^ fe«sv.\\!* %xU ? 
200, What has caused lYveaee\Maii%<&%'X \S.^^%«^^35«^\ft'^\«A 
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the pole it is that seems to rise, and if we were 
1 quite to the north pole of the earth, the north 
vould be directly over our heads, and the equator 
1 have sunk quite down to the horizon ; and now 
un, instead of mounting up to the zenith at noon, 
kims along the horizon all day ; and, at night, at 
)ns of the year when the sun is south of the equator, 
e stars appear to revolve in circles parallel to the 
on, the circles of revolution continually growing 
as we look higher and higher, until those stars 
h are near the zenith scarcely appear to revolve 
. Those who sail from the equator towards the 
and see the apparent paths of the sun and stars 
^e so much, can hardly help believing that those 
s have been changing their courses ; but all these 
irances arise merely from the spectator's chang- 
is own horizon, that is, constantly having new 
which cut the axis of the earth at different 

iS. 

1. The Latitude of a place on the earth, is its dis- 
! from the equator, north or south. The Longi- 
of a place is its distance from some standard 
lian, east or west. The meridian usually taken 
e standard, is that of the Observatory of Green- 
, near London ; and when we say that the longi- 
of New York is 74 degrees, we mean that the 
lian of New York cuts the equator 74 degrees 
of the point where the meridian of Greenwich 
it. 

2. The Ecliptic is the great circle in which the 
performs its annual revolution around the sun. 

3ses through the center of the earth and the cen- 

■ the sun. It is found by observation, that the 

does not lie with its axis perpendicular to the 

vhere will the north star appear ? Where the equator ? How 
the sun and stars appear to revolve inthevidfuV^ ^to^«&'\ 
DeGne the huitade of a. place on the eaitVi— 0^ \otimX<i&j& — ^\sl 
ace is it reckoned ? 
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plane of the ecliptic, so as to make ibib eqnitor 
cide with it, but that it is turned aboot 23) de 
out of a perpendicular direction, making an angle 
the^lane itself of 661 degrees. The eqiiatti^,t' 
fore, must be turned the same distance est of a 
cidence with the ecliptic, the two cireles making 
angle with each other of 23j^ degrees. Thef^M 
Hal Points^ or Equinoxes, are the poiiBia whert 
ecliptic and equator cross each other. 7!m lime i 
the sun crosses the equator in going nortk#u4 
called the vernal, and in returning liQnthwaid, dw ' 
tumnai equinox. The vernal equinox dccnra d 
the 2ist of March, and the autmnnal abont tfao 291 
of September. The Solstitial Paints are the 
points of the ecliptic most <fistant from the 
The times when the sun comes to them aiecalbd 
Solstiees. The summer solstice occurs abont the 
of June, and the winter solstice about the 22d of 
c ember. 

203. The ecliptic is divided into twelve equal paitH^ 
of 30 degrees each, called Signs, which, beginningv 
the vernal equinox, succeed each other in the follow- 
ing order, being each distinguished by characters of 
symbols, by which the student should be able to !•■ 
cognize the signs to which they severally beloii|^ 
whenever he meets with them. 



1. Aries, 


T 


7. Libra, 


8^ 


2. Taurus, 


» 


8. Scorpio, 


til 


3. Gemini, 


n 


9. Sagittarius, 


/ 


4. Cancer, 


S 


10. Capri cornus, 


vs 


5. Leo, 


SI 


11. Aquarius, 




6. Virgo, 


m 


12. Pisces. 


3€ 



2a2. Define the ecliptic. What ia the angle of inclination of thi 
ecliptic to the equator i What are the equinoctial points or eauinca* 
€s— the vernal equinox—the Autumnal— ihe solstitial points— tte •ol* 
slices. When do they occur ? 

203. How is the ec\Vp\\c diVv^e^Ll '\^«xsk& >^iei %\qqa of the soditf 
and recognize each by its cYkax«cX&t. 
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[. The position of a heayenly body is referred 
its right ascension and declination, as in Greog- 

we determine the situation of places by their 
les and longitudes. Right Ascension is the an- 
distance from the vernal equinox, reckoned on the 
ial equator, as we reckon longitude on the ter- 
il equator, from Greenwich. Declination is the 
ce of a body from the celestial equator, either 
or south, as latitude is counted from the terres- 
quator. Celestial Longitude is reckoned on the 
ic from the vernal equinox, and celestial Latitude 
he ecliptic, north or south. 
). Parallels of Latitude are small circles paral- 
the equator. They constantly diminish in size, 
s go from the equator to the pole. The Tropics 
le parallels of latitude which pass through the 
:es. The northern tropic is called the tropic of 
3r ; the southern, the tropic of Capricorn. The 

Circles are the parallels of latitude that pass 
jh the poles of the ecliptic, 23^ degrees from 
oles of the earth. That portion of the earth 
1 lies between the tropics on either side of the 
or, is called the Torrid Zone ; that between the 
s and the polar circles, the Temperate Zone ; and 
etween the polar circles and the poles, the Fri" 
one. The Zodiac is the part of the celestial 
e which lies about eight degrees on each side 
3 ecliptic. This portion of the heavens is thus 
3d off by itself because the paths of the planets 
3nfined to it. 
5. After having endeavored to form the best idea 

m of the circles, and of the foregoing definitions 

' ' '■ 

Define right ascension — declination — celestial longitude — ce- 
iatitude. 

Parallels of latitude. How do they change as we go from the 
: ? The tropics— polar circles— torrid zone— temperate zone — 
ones — zodiac. 

17* 
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relating to the sphere, we shall derive much tUif 
inspecting an aTtificial globe, a»d seeing hew f 
various particulars are represented there. But i 
learner, however young, can adf»t, with great ai 
tage, the following easy device for -himself. Toi 
resent the earth, select a large apj^e, (a mekm, wi 
in season, will ie found stHl better.) The eye i 
the stem of the apple will indicate the posiiioiirf t 
two poles of the earth. Applying the tlminb and fiB( 
of the left hand to the poles, and hiding the apptoi 
that the poles may be in a north and smith Una, fi 
this little globe from west to east, and its motkm i 
correspond to the daily motion of the earth. PmiJ 
wire or a knitting needle through the poles, and it i 
represent the axis of ^e sphere. A cirde cut ni 
the apple half way between the poles, wiU be 1 
equator ; and several other circles cut between l 
equator and the poles, parallel to the equator, will i 
resent paraihls of latitude ; of which two, drawn] 
degrees from the equator, will be the tropics^ and t 
others, at the same distance from the poles, will bedvi 
polar circles. The space between the tropics, on b(A 
sides of the equator, will be the torrid zone ; betweci 
the tropics and polar circles, the two temperate zones; 
and between the polar circles and the poles, the tw« 
frigid zones, A great circle cut round the apple, pasfr 
in^ through both poles, in a north and south direction, 
will represent the meridian, and several other greil 
circles drawn through the poles, and, of course, per 
peiidiculariy to the equator, will be secondaries to tiK 
equator, constituting meridians, or hour circles, i 
great circle, cut through the center of the apple, frofl 

206. After forming as clear an idea as we can of the divisions oftk 
sphere, to what aids shall we resort ? How shall we represent 4« 
eiiiili — its pales — the daily motion — axis — equator — ^parallels of 1^ 
itu(]o — tropics — ^\xjlar circles — xones — meridians or hour cixdes— •• 
^ces — equinoctial p<^\A 1 
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> tropic to the other, would represent the plane of 
^libe ecliptic, and its intersection with the surface of the 
stipple, would be the terrestrial ecliptic. The points 
where this circle meets the tropics, indicate the posi- 
'tioQ of the solstices; and its intersections with the 
Mnator, the equinoctial points. 



*' CHAPTER II. 

^ASTRONOMICAL INSTRUMENTS AND OBSERVATIONS. 

X- 

TELESCOPE — TRANSIT INSTRUMENT — ^ASTRONOMICAL CLOCK — 
SEXTANT. • 

;: 207. Wherever we are situated on the surface of the 
earth, we appear to be in the center of a vast sphere, 
on the concave surface of which all celestial objects 
"are inscribed. If we take any two points on the sur- 
hce of the sphere, as two stars, for example, and im- 
Bgine straight lines to be drawn from them to the eye, 
ihe angle included between these lines will be meas- 
ured by the arc of the sky contained between the two 

Fig. 97. 




c 

points. Thus, if D B H, Fig. 97, represents the con- 



207. How to measure the angular distance between two stars. U- 
oatratebyF 
cbGFK? 



lustrate by Fig.. 97. Why may we measure the azigle on the small cir- 



se 



N 



10 
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cave flurfiu^of the sphere, A,B|twowiEntsoQit,ti ^ 
two stare, and C A, C B, straight Hues drawn fiomdw. l| 
spectator to those points, then the angular distance W ^ 
tween them is measured by the aire A B, or the aii|^ ^^ 
ACE. Bnt this angle may be measured on a mra^ ^ 
smaller circle, 6 F K, since the arc E F . vill han^ ^ 
the same number of degrees as the arc A B. . ^^ 

208. The simplest mode of taking an an^e betwetf^ ^^ 
two stare, is by means of an ma opening at the jo^ ' 
like the blade of a pen-knife, the end of the arm bib- ^^ 
ving like C £ upon the graduated circle 6 F E. b|| 
fact, an instrument constructed on this principle, KHi^ 
sembling m carpenter's rule with a folding joint, 
semi-circle attached, constituted the first rude i_ 
tus for measurinff the angular distance between 
points on the celestial sphere. Thus, the em's 
ration above the horizon might be ascertained by 
cing one arm of the rule on a level with the horunii 
and bringing the edge of the other into a line with thff. 
sun's centre. The common surveyor's compass at 
fords a simple example of angular measurement. Hew 
the needle lies in a north and south line, while the ci^ 
cular rim of the compass, when the instrument ii 
level, corresponds to the horizon. Hence, the compaas 
shows the azimuth of an object, or how many degreea 
it is east or west of the meridian. In several astro- 
nomical instruments, the telescope and graduated cir- 
cles are imited ; the telescope enables us to see mi^ 
nute objects or points, and the graduated circle enablea 
us to measure angular distances from one point to an- 
other. The most important astronomical instrumenti 
are, the Telescope, the Transit Instrument, the Astro- 
nomical Clock, and the Sextant. 

208. What is the simplest mode of taking the angle between two 
stars ? Example of angular measurement by the surveyor's compatt- 
What angle or arc does it measure i Why do some instruments unite 
the telescope witK agraduaXedcvxd^l 
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K The Telescope has been already described and 
nciples explained, (Art, 184.) We have seen that 
5 the eye in two ways : first, by collecting and 
ying to the eye a larger beam of light than would 
vise enter it, thus rendering objects more distinct, 
nany visible that would otherwise be invisible 
ant of sufficient light ; and, secondly, by enlarg- 
e angle under which objects are seen, and thus 
ng distinctly into view such as are invisible, 
scure to the naked eye from their minuteness. 
I the telescope is used by itself, it is for obtain- 
•ighter and more enlarged views of the heavenly 
3, especially the moon and planets. With the 
• kinds of telescopes, we obtain many grand and 
sting views of the heavens, and see millions of 
s revealed to us that are invisible to the naked 

). The Transit Instrument (Fig. 98, p. 202,) is a 
ope firmly fixed on a stand, so as to keep it per- 
steady, and permanently placed in the meridian, 
object of it is to determine when bodies cross the 
ian, or make their transit over it ; or, in other 
J, to show the precise instant when the center of 
venly body is on the meridian. The Astronom- 
^lock is the constant companion of the transit in- 
ent. This clock is so regulated as to keep exact 
with the stars, which appear to move round the 
from east to west once in twenty-four hours, in 
quence of the earth's turning on its axis in the 
time from west to east. The time occupied in 
complete revolution of the earth, (which is indi- 
by the interval occupied by a star from the me- 

How does the telescope aid the eye ? When the telescope u 
' itself, for what purpose is it ? What views do we obtain witii 
jer kinds of telescopes ? 

Etefine the Transit Instrument. What is the obiect of it ? 
[oes it show ? What instrument accompanies it ^ Yr\\^'^f<c)a& 
9 astronomical clock keep pace 1 Wbal QCCMVO&sS^ift v^«Rn& 
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ridiaa round to the meridian againj is called i 
day. It 18, as we shall see hereafter, shortei 

Fig.98. 




solar day as measured by the return of the s 
meridian. The astronomical clock is so reg 
to measure the progress of a star, indicating 
for every fifteen degrees, and twenty-four hoi 
whole period of the revolution of a star. 
time commences when the vernal equinox 
meridian, just as solar time commences whe 
is on the meridian. 

movement of the stars from east to west ? Define a sidere 
how many degrees doea ttaWuc cone&^nd? When d 
time commfllt^t 
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811. Anjrthing becomes a measure of time whicli 
ndes duration equally. The celestial equator, there- 
e, is precisely adapted to this purpose, since, in the 
ily revolution of the heavens, equal portions of it 
ss under the meridian in equal times. The only 
Acuity is, to ascertain the amount of these portion* 
: given intervals. Now the astronomical clock shows 

exactly this amount, for, when regulated to sidereal 
ne, the hour hand keeps exact pace with the vernal 
uinox, revolving once on the dial plate of the clock 
bile the equator turns once by the revolution of the 
Lrth. The same is true, also, of all the small circles 
* diurnal revolution ; they all turn exactly at the same 
.te as the equator, and a star situated any where be- 
ireen the equator and the pole, will move in its diur- 
il circle along with the clock, in the same manner as 
lough it were in the equator. Hence, if we note the 
iten^al of time between the passage of any two stars, 
3 shown by the clock, we have a measure of the num- 
er of degrees by which they are distant from each 
tier in right ascension. We see now how easy it 
I to take arcs of right ascension : the transit instru- 
lent shows us when a body is on the meridian ; the 
ock indicates how long it is since the vernal equi- 
>x passed it, which is the right ascension itself, 
n. 204.) It also tells us the difference of right ascen- 
>ti between any two bodies, simply by indicating the 
Jerence in time between their periods of passing 
i meridian. I observed a star pass the central wire 

the transit instrument (which was exactly in the 
iridian) three hours and fifteen minutes of sidereal 
ne ; hence, as one hour equals fifteen degrees, three 

til. How may any thing become a measure of time ? Why is the 
cstial equator peculiarly adapted to this purpose ? What is the 
y difficulty ? How does the astronomical clock show us what por- 
Q of the equator passes under the meridian ? Do the parallels of 
itude turn at the same rale with the equator *? Hon* dsi^fe xnBW!«T» 
! ^fferenee of right ascension between two sXan, \j^^»«d* ^ ^^s*^ 



i 
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iMNm and a qaarternmst h&Te aqinllo 
grees and three quarters, which was t 
sioD of the star. Two hours and thre* 
wards, that is, at six hours sidereal 1 
another star, cross the meridian; Its 
must have heen ninety degress, and c 
difference of right ascension of the tn 
a qnarter degrees. 

212. Again, it is easy to take the 
hody when on the meridian. By dech 
recollect, is meant the distance of a 
south of the celestial equator. When 
in^ the meridian line of the transit 
p<»nt of the meridian towards which 
directed at that instant, will be shown ( 
circle of the instrument, and the distai 
from the zenith, subtracted from the 
place of observation, will give the d€ 
star. We have before seen, that when 
the right ascensions and declinations < 
bodies, we may lay down their relative 
map, just as we do those of places < 
their latitudes and longitudes. 

213. The Sextant is an instrument 
the angular distance of one point from 
celestial sphere. It is particularly va 
uring celestial arcs at sea, because it 
astronomical instruments, affected b^ 
the ship. The principle of the sextan 
described as follows : it gives the angi 
tween any two objects on the celestia 
fleeting the image of one of the objec) 



clock ? Describe the mode of taking right ascensi 
instrument and clock. 

212. What is the declination of a body ? How 
meridian ? 

213. Fo#»what is tVie SeiAttnX \»«fc^'\ ^oxV 
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with the other object as seen by the naked eye. 
arc through which the reflector is tnmed to bring 
sflected object to coincide with the other object^ 
nes a measure of the angular distance between 
The instrument is of a triangular shape, and 

Fie. 991 




^.!*1j- 



ade strong and firm by metallic cross-bars. It 
two small mirrors, I, H, called, respectively, the 
c glass and the horizon glass, both of which aie 
y fixed perpendicularly to the plane of the in- 
lent. The index glass is attached to the movable 

I D, and turns as this is moved along the gradu- 

■■ ■ ■ ■ 

le ? State its principle. Describe the Sextant. Point out tha 
glass and the Horizon glass. State the \]Aeol^^«R£L«\. \>«<- 
18 
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ated limb, E F. Tbis urm eaniei a Till 
contriyance which enables m to read i 
of the spaces into which the limb is ditiM.' 
horizon glass, H, consists of two Durto; tte i ^, 
being transi»Tent or open, so tiiat dw ^ 
through the telescope, T, can seetfafooghitatl 
object, as a star, at S, while the lower put is ai 
tor. Suppose it were .)»<Itzirad to msasiM Ai^ 
tance between the nAnm and a certain Mar, thai 
being at M, and the star at S. The instnuiieiitiil 
firmly in the hand, so that the efo, looking ( 
the telescope, sees the iitar, S, through thetnai _ 
part of the horizon glass. /Then the mofsUsl 
I D, is moved from F towards E, until the f 
is reflected down to S ; when the number of i 
and parts of a degree reckoned on the Umb f 
the index at D, will show the angular distanesi 
tween the two bodies. The altitude of the sun T 
the horizon, at any time, may be taken by lo 
rectly at the line of the horizon (which is well del 
at sea) and moving the index from F towards E,« 
the limb of the sun just grazes the horizon. 



CHAPTER III. 
TIME. PARALLAX. REFRACTION. TWILIGHT. 



SIDEREAL AND SOLAR DAYS — MEAN AND APPARENT TIMS — HO 
TAL PARALLAX — LENGTH OF TWILIGHT IN DIFFERENT COaNTBIltf| 

214. As time is a measured portion of indefinite M tg 
ration, any thing or any event which takes place i ^ 
equal intervals, may become a measure of time. W ^ 
the great standard of time is the period of the refol^^ 



u 



senile the Horizon ^fikSft. D««ciVbclb.Q mode of taking an obsemtf '< 
with the Sextant, llow to \«kfe X>wfe «vmC^ ^xlWM^'fe. ^; 



\ 



TIME. 307 

f the earth on its axis, which, by the most exact 
nations, is found to be always the same. The 
)f the earth's revolution on its axis, as already 
ined, is called a sidereal day, and is detennin^ 
e apparent revolution of a star in the heavens* 
interval is divided into twenty-four sidereal hours. 
). Solar time is reckoned by the apparent revolu* 
f the sun from noon to noon, that is, from the 
ian round to the meridian again. Were the sun 
lary in the heavens like a fixed star, the time of 
parent revolution would be equal to the revolu- 
f the earth on its axis, and the solar and sidereal 
would be equal. But since the sun passes from 
to east, in his apparent annual revolution around 
irth, three hundred and sixty degrees in three 
ed and sixty-five days, he moves eastward nearly 
ree a day. While, therefore, the earth is tum- 
ice on its axis, the sun is moving in the same 
ion, so that when we have come round under the 
celestial meridian from which we started, we do 
ad the sun there, but he has moved eastward 
T a degree, and the earth must perform so much 
than one complete reyolution, before our meri- 
;uts the sun again. Now, since we move in the 
il revolution, fifteen degrees in sixty minutes, 
ust pass over one degree in four minutes. It 
therefore, four minutes for us to catch up with 
m, after we have made one complete revolution. 
e, the solar day is almost four minutes longer than 
idereal ; and if we were to reckon the sidereal 
venty-four hours, we should reckon the solar day 
y-four hours and four minutes. To suit the pur- 



What may become a measure of time 7 What is the great 
d of time ? 

Distinguish between sidereal and solar time. Why are the solar 
iger than the sidereal ? How much longer 1 I^ we oomslX \Va 
ly tweoty-foiu* hours, how long is the »idexe^ ^^.'^ 1 
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poses of society al luge, bowervt, h is fiRmd 
oonvenient to reckon the solar da^ twonty^iDiir 1mm4 
and throw the fraction into the stdereid day. Thm, 

24h 4m : 24h :: 24h : 23h dfim 4e. 
That is, when we reduce twenty-four hous and 
minutes to twenty-four hours, the same pxoportioi 
require that we reduce the sidereal day iram 
four hours to twenty-three hours fiAy-«ix iniimtes 
seconds ; or, in other words, a sidenal day it sa 
part of a' solar day. 

216* The solar days, however, do not always 
from the sidereal by precisely the same fraction^ 
they are not constantly of the same length. Hi 
measured by the stm, is called a/pormt time, al 
clock so regulated as always to keep exactly with 
sun, is said to keep apparent time. But as the saa 
his apparent motion round the earth once a year, gscf 
sometimes faster and sometimes slower, a clock wldcii 
always keeps with the sun must yary its motion ac- 
cordingly, making some days longer than others. The 
average length of all the solar days throughout theyetr, 
constitutes Mean Time, Clocks and watches are com- 
monly regulated to mean time, and therefore do aot 
keep exactly with the sun, but are sometimes faster 
and sometimes slower than the sun. If one clock is 
so constructed as to keep exactly with the sun, and 
another clock is regulated to mean time, the difference 
between the two clocks at any period is the equatm 
of time for that period. The two clocks would differ 
most about the third of November, when the apparent 
time is sixteen and a quarter minutes faster than the 
mean time. But since apparent time is at one time 
greater and at another less than mean time, the two 

216. Do the solar days always diffpr from the sidereal by the 
fraction ? What is apparent time ? When is a clock said to keep ap- 
parent ^ime ? What constitutes mean time ? How are clocks tmm 
watches commonly re^YaXAdi'l ^^ll\fflXS& xSda «(raiation of time ? WhflS h 
would the two doclu diSex idm^, «&il\«m WM^D^^ ^HTttssow^wsoSd th0f I 
be together t ^ 
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must obviously be sometimes equal to each other. 
This is the case four times a year ; namely, April 15th, 
June 15th, September 1st, and December 24th. 

217. As a day is the period of the revolution of the 
earth on its axis, so a year is the period of the revolu- 
tion of the earth around the sun. This time, which 
constitutes the astronomical year, has bebn ascertained 
with great exactness, and found to be 305d. 5h. 48m. 
51 sec. The ancients omitted the fraction and reck- 
oned it only 365 days. Their year, therefore, would 
end about six hours before the sun had completed his 
apparent revolution in the ecliptic, and, of course, be 
\ so much too short. In four years they would disagree 
a whole day. This is the reason why every fourth 
year is made to consist of 366 days by reckoning 29 
days in February instead of £8. This fourth year the 
ancients called Bissextile — we call it Leap year. 

Fig. 100. 
O P 




218. Parallax is the apparent change of place which 
objects undergo by heing viewed from different points, 

21 7. What period is a year ? What is its exact length ? How long 
did Uie ancients reckon it ? Explain why 'every fourth year is reck- 
oned 366 days. 

IS"" 
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All objiicia beyond a certain moderato 1 

us, appear to be projected on the face of 1 
spectators at some diataace from each ot 
eama body to different poiDis of the sk 
M N (Fig. 100) represents the sky, and < 
bodies in ibe atmosphere^ a spectator at A 
C to M, while one at B would refer it 
arc, M N, wodd meadure the »ngle of t 
In the same manner, P would measure 
parallax of the body D^ It Is evident fro 
that nearer objects have a much greater | 
those that are renaoiep Indeed, the fixed 
distant, that two spectators a hundred mill: 
apart would refer a given star to precise 
part of the heavens. But the moon m ci 
near, and her apparent place in the sky 
time, ia much 
parallax. Thu 
tutor at A, the 
appear in the sk 
to one at B, il m 
atC. Hence, sii 
body often app 
same time di£f( 
ated to spectatc 
ent parts of th 
tronomers hav< 
consider the ti 
of a body to be 
it would appea: 
if viewed from l 
the earth. 

218. Define parallax. Where do all objects at a ci 
pear to b& projected ? How is the same body project 
spectators 7 When have objects a large and when a 
What is said of the fixed stars ? Of the moon 7 W 
men consider the true place of & body ? 
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9. The change of place which a body seen in the 
:on, by a spectator on the surface of the earth, 
d undergo if viewed from the center, is called 
:ontal parallax. Although we cannot go to the 
3r of the earth to view it, yet we can determine 
le aid of geometry where it would appear if seen 
the center, and hence we can find the amount of 
lorizontal parallax of a heavenly body, as the sun 
oon. When we know the horizontal parallax of 
ivenly body, we can ascertain its distance from us ; 
he method of doing this cannot be clearly under- 
1 without some knowledge of trigonomotiy. 

50. Refraction is a change of place which the 
enly bodies seem to undergo, in consequence of the 
tion of their light being altered in passing through 
itmosphere. As a ray of light traverses the atmos- 
e, it is constantly bent more and more, by the re- 
ion of the atmosphere, out of its original direction. 
r an object always appears in that direction in which 
ight from it finally comes to the eye. By refrac- 

therefore, the heavenly bodies are all made to ap- 
higher than they really are, especially when they 
near the horizon. The sun and moon, when near 
g or setting, are elevated by refraction more than 
' whole diameter, so that they appear above the 
son both before they have actually risen and after 
have set. 

51. Twilight is that illumination of the sky which 
f place before sunrise and after sunset, by means of 
;h the day advances and retires by a gradual in* 
se or diminution of the light. While the sun is 
in eighteen degrees of the horizon, some portion 
—— I 

. What is horizontal parallax 7 What use is made of horizontal 

ax? 

. Define refraction. How is a ray of light affected by trayersing 

mosphere ? How does refraction affect the apparent placM m 

(Evenly bodies 7 What is said of the sun and OMKiikt 
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of its light ii oonvojred to us by meaiu of th 
out reflexions from the atmosphere. At the 
where the circles of daOy motion tre perpeni 
the horiion, the son descends through eu[l 
grees in an hour and twelre minutes. h\ 
countries, therefore, the liffht of day n^idly 
and as rapidly advances uter daybreak in tl 
ing. At the pole, a constant twilight is enio) 
the sun is wiUiin eighteen degrees of the hoi 
eupyin^ nearly two thirds of the half year, ^ 
.direct hght of the sun is withdrawn, so thai 
gross from continual day to constant night ii 
ingly graduaL To an inhabitant of one at th 
rate lones, the twilight is longer in proportii 
place is nearer the derated pole. 



CHAPTER IV. 

THE SUN. 

DX8TANCS— MAGNITUDE — QUANTITY OF MATTER — 8P0TI 
AND CONSTITUTION — BEVOLUTIONS — SEASONS 

222. The distance of the sun from the eartl 
ninety-five millions of miles. Although, by 
the sun's horizontal parallax, astronomers h 
able to find this distance in a way that is entitl 
fullest confidence, yet such a distance as 9t 
of miles seems almost incredible. Still 
small compared with the distance of the fix 
Let us make an efifort to form some idea of 
distance, which we shall do best by gradual a 
es to it. We will then begin with so small a 

221. Define twilight How far is the sun below the ho 
twiliffht ceases ? How is it at the equator— at the poles- 
jniddle latitudes'! 

222. Distance ofi^e sun lTom\\A««:t^. '^\<v« ^t»«^\\.cxi; 
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8 that across the Atlantic ocean, and follow in mind 
ship, as she leaves the port of New York, and after 
Bi^enty days' sail reaches Liverpool. Having formed 
lie best idea we can of this distance, we may then 
eflect, that it would take a ship, moving constantly at 
\ie rate of ten miles an hour, more than a thousand 
ears to reach the sun. 

223. The diameter of the sun is towards a million 
f miles ; or, more exactly, it is 885,000 miles. One 
undred and twelve bodies as large as the earth, lying 
Ide by side, would be required to reach across the 
olar disk ; and our ship, sailing at the same rate as 
efore, would be ten years in passing over the same 
pace. Immense as is the sun, we can readily under- 
stand why it appears no larger than it does, when we 
eflect that its distance is still more vast. Even large 
>bjects on the earth, when seen on a distant eminence, 
9r over a wide expanse of waters, dwindle almost to a 
point. Could we approach nearer and nearer to the sun, 
it would constantly expand its volume until it finally 
filled the whole sky. We could, however, approach 
but little nearer the sun than we are, without being con- 
sumed by his heat. Whenever we come nearer to any 
fire, the heat rapidly increases, being four times as 
great at half the distance, and one hundred times as 
great at one tenth the distance. This fact is express- 
ed by saying, that heat increases as the square of the 
distance decreases. Our globe is situated at such a 
distance from the sun, as exactly suits the animal and 
vegetable kingdoms. Were it either much nearer or 
more remote, they could not exist, constituted as they 
are. The intensity of the solar light also follows the 

<)at of the fized stars ? Effoi$ to form an idea of great distances. How 
l«mg would it take a ship, moving ten miles an hour, to reach the sun ? 
223. Diameter of the sun. How many bodies like the earth would it 
trite to reach across the sun ? How long the ship to sail over it ? 
^Hiyit appears no larger? How would it api^ar could yift ^^^xoas^ 
r ana nearer to it 7 How is the ixitci»\ts ol\kft«X ^TO^'^Msw^'^a 



214 ASTBONQMr. 

same law. Consequendy, w«re we amch AMnat t 
son than wo are, Ua blaze would be inmii&nUe; 
weie we mvch farther off, the fight wonild be too d 
to serro all the puxpoaeo of vioioa. 

224. The aan is one million four bandied thqnM 
(1,400,000} tuiijMi as large as the earth; bat ito n 
ter ia odI^ about one fourth aa denae as. that of 
earth, being only a little heayier than water, whik 
average density of the earth ia mam than five tii 
that of wftter. Still, on accoont of the ioimeDoo ■ 
nitude of the sun, its quantUf of matUr io 354,1 
times aa great as that of the earth. Bodies wv 
weiffh about twenty-eight times as much at the sorf 
of the sun as they do on the earth. Hence, a i 
weighing three hundred pounds woald»- if conveyei 
the surface of the sun, weigh 8,400 pounds, or noi 
three tons and three quarters. A man's limb, weigh 
forty pounds, would require to lift it a force of 1,1 
pounds, which would be beyond the ordinary powei 
the muscles. At the surface of the earth, a body fi 
from rest by the force of gravity, in one second, 1( 
feet ; but at the surface of the sun, a body would, 
the same time, fall through 449 feet. 

225. When we look at the sun through a telesco 
we commonly find on his disk a greater or less m 
ber of dark places, called Solar Spots, Sometin 
the sun's disk is quite free from spots, while at ot 
times we may see a dozen or more distinct clusU 
each containing a great number of spots, some la 
and some very minute. Occasionally a single spo 
so large as to be visible to the naked eye, especif 

the distance ? Were the earth nearer the sun, what would be 
consequence ? How would its light increase ? 

224. How much larger is the sun than the earth 7 How much gre 
is its quantity of matter ? How much more would bodies wei^ ti 
sun that at the earth ? How much would a man of three nun 
pounds weigh ? Through what space would a body fall in a secoi 

22b, Solar spots— tideu iaus^y— %via o1\)^<& \Ax%eat~thfiir apps 



THE BVH. 215 

I the Sim is near the horizon, and the glare of his 
is taken off. Spots have been seen more than 
K) miles in diameter. They move slowly across 
central regions of the sun. As they have all a 
Qon motion from day to day across the smi's disk ; 
sy go off on one limb, and, after a certain interval, 
times come on again on the opposite limb, it is 
red that this apparent motion is imparted to them 
I actual revolution of the sun on his axis, which 
complished in about twenty-five days. This is 
1 the sun's diurnal revolution, while his apparent 
iment about the earth once a year is called his an* 
revolution. 

6. We have seen that the apparent revolution of 
leavenly bodies, from east to west, every twenty- 
bours, is owing to a real revolution of the earth 
3 own axis in the opposite direction. This mo- 
is very easily understood, resembling,''as it does, 
pinning of a top. We must, however, conceive 
e top as turning without any visible support, and 
s resting in the usual manner on a plane. The 
al motion of the earth around the sun, which gives 
k> the apparent motion of the sun around the earth 
a year, is somewhat more difficult to understand, 
n, as the string is pulled, the top is thrown for- 
. on the floor, we may see it move onward (some* 
3 in s. circle) at the same time that it spins on its 
Let a candle be placed on a table, to represent 
lun, and let these two motions be imagined to be 
1 to a top around it, and we shall have a case 
iwhat resembling the actual motions of the earth 
id the sun. 



IS — revolution of the sun ? Distinction between the diumal and 
1 revolutions of the sun. 
To what is the apparent daily motion of the sun from east to west 
? How to conceive of it ? How to conceive of the anauAltctf^ 



%l% 
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M7. When bodies ure at toch a distuee iio 
odier M the earth and ann, a spectator on eithe 
pnrieot the other body upon the fitce of the Aj^ 
•eeing it on the oppoeite side of a gioat cun 
hudfed and eigh^ degrees from himself. I 
Fif.]te. 




102 represent the relative positions of the ef 
sun, and the firmament of stars. A spectato] 
earth at T i (Aries,) would see the sun in the ] 
at «Ai, (Libra ;) and while the earth was movii 
T to 2^9 (Cancer,) not being conscious of o 
motion, but observing the sun to shift his a 
place from di» toys, (Capricornus,) we shoul 
bute the change to a real motion in the sun, ai 
that the sun revolves about the earth once a ji 
not the earth about the sun. Although astro 
have learned to correct this erroneous impress 
they still, as a matter of convenience, speak 
sun's annual motion. 

227. How would a spectaXot on >i)DA v;xsl ot >!o& ^«x^ \ 
other body 7 BluataraiXe by ^ba Ti^ae. 
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228. In endeayorinsr to obtain a clear idea of the 
revolution of the earth around the sun, imagine to 
yourself a plane (a geometrical plane, having merely 
length and breadth but no thickness,) passing through 
tlie centers of the sun and earth, and extended far be- 
yond the earth until it reaches the firmament of stars. 
I?his is the plane of the ecliptic ; the circle in which 
1% seems to cut the heavens is the celestiai ecliptic ; and 
•lie path desribed by the earth in its revolution around 
iie sun, is the earth's orbit. This is to be conceived 
^f as near to the sun compared with the celestial eclip- 
tic, although both are in the same plane. Moreover, 
J^e project the sun into the celestial ecliptic, because 
i^ seems to travel along the face of the starry heavens, 
^ince the sun and stars are both so distant that we 
cannot distinguish between them in this respect, but 
%ee them both as if they were situated in the imagin- 
ary dome of the sky. If the sun left a visible trace 
^n the face of the sky, the celestial ecliptic would of 
course be distinctly marked on the celestial sphere, as 
St is on an artificial globe ; and were the celestial 
^uator delineated in a similar manner, we should 
"tfien see, at a glance, the relative position of these two 
«irclesi ; the points where they intersect one another 
constituting the eqinoxes ; the points where they are 
«t the greatest distance asunder, being the solstices ; 
and the angle which the two circles make with each 
ether, (23° 28',) being the obliquity of the ecliptic, 

229. As the earth traverses every part of her orbit 
k the course of a year, she will be once at each sol- 
stice, and once at each equinox. The best way of 
g- ■ — 

228. To obtain a clear idea of the revolution of the earth around the 
'. i^ what device shall we employ ? What is thepfoncof the ecliptic ? 
' What the celestial ecliptic ? What the earth's orbit ? Into what do 
i *e project the s»m ? If the sun left a visible track, what would 
i ^kout ? If the celestial equator were delineated in the same m 
I *kat would it maikout ? Where would be tiie ec^vxwr •■'^"' 
f "fees 7 What ia the obliquity? 

^ 19 
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obtaming t conrect idea of her tm notionfti ia 1* c 
ceive of her as standing still a siogit dagTf at m 
point in her orbit, until she has turned on^ OAkd 
axis, then moving about a degree, and haltiiig .agpij 
until anodier diumal revolution is completed*. LsCx 
suppose the earth at the Autumnal equuwx, the smif^ 
course, being at the Yemal equiBOz.. Sinpoae Q 
earth to stand still in its orbit ror twenty^our heas 
The revolution of the earth on its axist in thia peikj 
from west to east, will make the sim. appear to • 
scribe a great circle of the heavens from east to w^^ 
coinciding with the equator. At the en4 of this tsf 
suppoae the sun to move northward one degree ia^ 
orbit, and to remain there twenty-four hows, in wF« 
time the revolution of the earth will make th« f nvi 
pear to describe another circle from east to wesM^ 
a little north of the equator. Thus, we may cQn»^ 
of the sun as moving one degree in the niHrtheri^-- 
of its orbit, every day, for about three months, 
he will reach the point of the ecliptic farthest 
the equator, which point is called the trojnct ^H 
Greek word signifying to turn ; because, after t^fc^ 
has passed this point, his motion in his orbit ^^ 
him continually towards the equator, and there£a/^j 
seems to turn about. The same point is also a^ 
the solstice, from a Latin word signifying to stand ng, 
since, when the sun has reached its greatest nortlmi 
or southern limit, he seems for a short time statiomij, 
with regard to his annual motion, appearing for seved 
days to describe, in his daily motion, the same paraUil 
of latitude. 

230. When the sun is at the northern tropic, wluc^ 
happens about the 2 1st of June, his elevation abwel 
the southern horizon at noon is the greatest in ^ 



229. How to obtain a clear idea of the earth's two motions— deaote 
the process— why is l\ie ivMivvivii v^iut called the tropic ? Why tk 
solstice ? 
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year ; and when he is at the southern tropic, about 
the 21 St of December, his elevation at noon is the 
least in the year. 

231. The motion of the earth, in its orbit, is nearly 
leventy times as great as its greatest motion around 
its axis. In its revolutions around the sun, the earth 
moves no less than 1,640,000 miles a day, 68,000 
miles an hour, 1100 miles a minute, and 19 miles ev- 
ery second; a velocity sixty times as great as the 
Ip-eatest velocity of a cannon ball. Places on the 
earth turn with very different degrees of velocity in 
different latitudes. Those on the equator are carried 
round at the rate of about 1000 miles an hour. In 
oor latitude, (41° 18',) the diurnal velocity is about 
750 miles an hour. It vtrould seem at first quite in- 
credible that we should be whirled round at so rapid 
a rate, and yet be entirely insensible of any motion ; 
and much more that we should be going on so swiftly 
through space, in our circuit around the sun, while 
all things, when unaffected by local causes, appear to 
be in such a state of quiescence. Yet we have the 
most unquestionable evidence of the fact; nor is it 
difficult to account for it, in consistency with the gen- 
eral state of repose among bodies on the earth, when 
we reflect that their relative motions, with respect to 
each other, are not in the least disturbed by any mo- 
tions which they may have in common. When we 
are on board a steamboat, we move about in the same 
manner when the boat is in rapid motion, as when it 
is lying still ; and such would be the case, if it moved 
steadily a hundred times faster than it does. Were 
— ' — ■ - ■ ■ ■ ' ■. ■ ■ I I I ■«, 

230. When does the sun reach the northern tropic ? How is then 
lut altitude f When is he at the southern tropic 7 - His altitude 
then? 

231. How much greater is the motion of the earth in its orbit than on 
«• axis ? How many miles per day— -per hour— per minute — ^per sec- 
ind 7 Rates of motion of places in different latitudes 7 Rate V&.\a&.v> 
tude 43 degrees and JSminutea 1 Why are "we vnBeiAM<&\A^C{AA ^b»»X 
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the earth, however, suddenly to stop its diurnal roc 
tion, all movable bodies on its surface would be throw: 
off in tangents to the surface, with velocities proper 
tional to that of their diurnal motion ; and were thi 
earth suddenly to halt in its orbit, we should be hurle( 
forward into space with inconceivable rapidity. 

232. The phenomena of the Seasons, which w( 
may now explain, depend on two causes; first, th( 
inclination of the earth's axis to the plane of its orbit 
and, secondly, to the circumstance that the earth's ajm 
always remains parallel to itself. Imagine a candle 
placed in the center of a large ring of wire, to repre- 
sent the sun in the center of the earth's orbit, and ai 
apple with a knitting-needle running tnrough it, in th( 
direction of the stem. Run a knife round the centra 
part of the apple, to mark the situation of the equator 
The circumference of the ring represents the earth'i 
orbit in the plane of the ecliptic. Place the apple 8( 
that the equator shall coincide with the wire ; thei 
the axis will lie directly across the plane of the eclip 
tic ; that is, at right angles to it. Let the apple b( 
carried quite round the ring, constantly preserving tlM 
axis parallel to itself, and the equator all the whil( 
coinciding with the wire that represents the orbit 
Now, since the sun enlightens half the globe at once 
«o the candle, which here represents the sun, wil 
shine on the half of the apple that is turned toward) 
it ; and the circle which divides the enlightened fron 
the unenlightened side of the apple, called the term 
nator, will pass through both the poles. If the appl( 
be turned slowly round on its axis, the terminator wii 
pass successively over all places on the earth, giving 

motion ? Illustrate by a steamboat. What would be the conseqaenc< 
were the earth suddenly to stop its motions ? 

232. What are the two causes of the change of seasons ? How il- 
lustrated ? How will the appearances be when the apple is so placed 
that its equator coincides witn the wire ? Where will it be sun-rise- 
where sunset 7 
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the appearance of sun-rise to places at which it ar- 
rives, and of sun-set to places from which it departs. 

233. If, therefore, the earth's axis had been perpen- 
dicular to the plane of its orbit, in which case the 
equator would have coincided with tlfe ecliptic, the 
diurnal motion of the sun would always have been in 
the equator, and the days and nights would have been 
equal all over the globe, and there would have been 
no change of seasons. To the inhabitants of the equa- 
torial regions, the sun would always have appeared to 
move in the prime vertical, rising directly in the east, 
jpassing through the zenith at noon, and setting in the 
west. In the polar regions, the sun would always 
have appeared to revolve in the horizon ; while, at any 
place between the equator and the pule, the course of 
the sun would have been oblique to the horizon, but 
always oblique in the same degree. There would 
have been nothing of those agreeable vicissitudes of 
the seasons which we now enjoy ; but some regions 
ai the earth would have been crowned with perpetual 
spring ; others would have been scorched with a burn- 
ing sun continually overhead ; while extensive regions 
towards either pole, would have been consigned to 
everlasting frost and barrenness. 

234. In order to simplify the subject, we have just 
vipposed the earth's axis to be perpendicular to the 
plane of its orbit, making the equator to coincide with 
"the ecliptic ; but now, (using the same apparatus as 
before,) turn the apple out of a perpendicular posi- 
tion a little, (23^ degrees,) then the equator will be 
tamed just the same number of degrees out of a coin- 
cidence with the ecliptic. Let the apple be carried 

233. Comparative lengths of the days and nights ? Appearances to 
^hs inh^itants of the equatorial regions 7 Of the polar regions ? 
"IWioiild there have been any change of seasons ? 

234. Repeat the process with the axis inclined. How far would the 
"Equator be turned out of a coincidence with the ec\i^\t1 "ftov* ^sj«»^% 

19* 
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around die ring, always holding it iadiiMdaft Aft thv 
angle to the pUne pf the ring, and alwsjt panlMli i's. 



Fig. 103. 



i 1 




itself, as in figure 103. We shall find that then IB \ 
two points, A and C, in the circuit, where the lipt 
of the sun (which always enlightens half the ffm ' 
at once) reaches both poles. These are the poiali 
where the celestial equator and ecliptic cut one •■- 
other, or the equinoxes. When the earth ia at eidwi 
of these points, the sun shines on both poles alike i 
and if we conceive of the earth, while in this sil 
tion, as turning once round on its axis, the appaieil i 
diurnal motion of the sun would be the same u it 
would be, were the earth's axis perpendicular to ths 
plane of the equator. For that day, the earth wooU 
appear to revolve in the equator, and the days and 
nights would be equal all over the globe. 

235. If the apple were carried round in the manner 
supposed, then, at the distance of ninety degrees from 
the equinoxes, at B and D, the same pole would be turn- 
ed towards the sun on one side, just as much as it wm 

sun then shine witK teawicixo xVwi ^lea X What wiU then be the it>- 
pearancea in the dwxna\ moxioi^l 
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turned from him on the other. In the former case, the 
sun's light would reach beyond the pole 23^ degrees, 
and in the other case, it would fall short of it the same 
number of degrees. Now imagine, again, the earth turn- 
ing in the daily revolution, and it will be readily seea 
how places within 23^ degrees of the enlightened pole, 
will have continual day, while places within the same 
distance of the unenlightened pole, will have continual 
nig^t. By an attentive inspection of figure 103, all 
these things will be clearly understood. The earth's 
axis is represented as prolonged, both to show its po- 
sition, and to indicate that it always remains parallel 
to itself. On March 21st and September 22d, when 
the earth is at the equinoxes, the sun shines on both 
poles alike ; while on June 21st and December 24th, 
when the earth is at the solstices, the sun shines 23} 
degrees beyond one pole, and falls the same distance 
short of the other. 

236. Two causes contribute to increase the heat of 
summer and the cold of winter, — the changes in the 
sun^s meridian altitudes, and in the lengths of the days. 
The higher the sun ascends above the horizon, the 
more directly his rays fall upon the earth ; and their 
heating power is rapidly increased as they approach 
a perpendicular direction. The increased length of 
the day in summer, affects greatly the temperature of 
places towards the poles, because the inequality be- 
tween the lengths of the day and night is greater in 
proportion as we recede from the equator. By the 
operation of this cause, the heat accumulates so much 
in summer, that the temperature rises to a higher de- 
gree in mid-summer, at places far removed from the 
equator, than within the torrid zone. 

235. At the distance of 90 degrees from the equinoxes, how would 
the sun shine with respect to the poles ? • 

236. What two causes contribute to increase the heat of summer and 
cold of winter ? Effect of the sun's altitude — of the increased length 
of the day ? 
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237. Bat ihe temperature of a place is 
very much by several other causes, as we 
force and duration of the sun's heat. Firs 
turn of a countJjr above the level of the 
great influence upon its climate. Elevatec 
country, even in the torrid zone, often enj 
agreeable climate in the world. The cold 
per regions of the atmosphere modifies a 
the solar heat, so as to give a most delight 
while die uniformity of temperature exc 
sudden and excessive changes which are 
rienced in less favored climes. • In asct 
mountains, situated within the torrid zone,i 
passes, in a short time, through every vai 
mate, from the most oppressive and sultry 
soft and l)^lmy air of spring, which again i 
by the codler breezes of autumn, and thei 
verest frosts of winter. A correspondin* 
is seen in the products of the vegetabl 
While winter reigns on the summit of th 
its central regions may be encircled with 
of spring, and its base with the flowers i 
summer. Secondly, the vicinity of the oci 
a great effect to equalize the temperature 
As the ocean changes its temperature duri 
much less than the land, it becomes a sourc 
to neighboring countries in winter, and a 
cool breezes in summer. Thirdly, the rel 
tire or dryness of the atmosphere of a plac< 
importance, ia regard to its eflfects on the 
tern. A dry air, of ninety degrees, is nc 
portable as a moist air of eighty degrees, 
eral principle, a hot and moist air is unhealt] 
a hot air, when dry, may be very salubrio 

237. JjtFect of qleyaUoo-^Xthfi vicinity of the octun- 
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CHAPTER V. 
THE MOON. 

AXCE AND DIAMETEE—APPKARAXCE8 TO THE TELESCOPE— 
aOUNTAINS AND VALLEYS — BEVOLUTION — ECLIPSES — TIDES. 

38. The Moon is a constant attendant or satellite 
;he earth, revolving around it at the distance of 
ut 240,000 miles. Her diameter exceeds 2,000 
ss, (2160.) Her angular breadth is about half a 
ree, — a measure which ought to be remembered, 
t is common to estimate fire balls, and other sights 
he sky, by comparing them with the size of the 
)n. The sun's angular diameter is a little greater. 
139. When we view the moon through a good tel- 
ope, the inequalities of her surface appear much 
re conspicuous than to the naked eye ; and by stu- 
ng them attentively, we see undoubted proofs that 

face of the moon is very rough and broken, exhib- 
ig high mountains and deep valleys, and long moun- 
lous ridges. The line which separates the enlight- 
3d from the dark part of the moon, is called the 
rminator. This line appears exceedingly jagged^ 
licating that it passes over a very broken surface 
mountains and valleys. Mountains are also indi- 
;ed by the bright points and crooked lines, which 

beyond the terminator, within the unilluminated 
rt of the moon ; for these can be nothing else than 
jvations above the general level, which are enlight- 
ed by the sun sooner than the surrounding countries, 
high mountains on the earth are tipped with the 
)rning light sooner than the countries at their bases. 
Qreover, when these pass the terminator, and come 

iO-j. Of what is the moon a satellite ? Distance from the earth— 
■mPter — an;nilar breadth. Why is it important to remember this ? 
ii39. How docs the moon appoar to the telescope ? What is the Tet- 
nator ? How does it appear ? Wliat docs its unevcimc^ \xi^\c>.«X«£ \ 
oat signs of mountains arc there in the dark part of llae muxnil "W Yuen 
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within the enlighteneil part of the disk, they aie Uf^ 
ther recognizetl as mouriuins^ because they cast sbai r 
ows opposite the sun, which vary in length as ihesw j 
strikes them more or less oa a level. 



Fia. 101 




240. SpDts, also, on the lunar disk, are known t^ he 
valleys, because they exhibit ibe same appearance m 
is seen when the ±fun shines into a tea cup^ when it 
strikes it very obliquely. The inside of the cup, oppo- 
site to the sun, is illnniinatedin the form of a cresceiii, 



20), Vdlcyft, bow knawiL Iltuslrale Ijy Ihe taade in wki^^h J^ p 
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every one may see, who will take the trouble to 
the experiment,) while the inside, next the sun, 
ts a deep shadow. Also, if the cup stands on a 
le, the side farthest from the sun casts a shadow 
the table outside of the cup. Similar appearances, 
sented by certain spots in the moon, indicate very 
arly that they are valleys. Many of them are reg- 
r circles, and not unfrequently we may see a chain 
mountains, surrounding a level plain of great ex- 
tv from the center of which rises a sharp mountain, 
iting its shadow on the plain within the circle. 
^re 104 is an accurate representation of the tele- 
»pic appearance of the moon when five days old. 
vill bd seen that the terminator is very uneven, and 
t white points and lines within the unenlightened 
t of the disk, indicate the tops of mountains and 
nntain ridges. Near the bottom of the terminator, 
Ltde to the left, we see a small circular spot, sur- 
inded by a high chain of mountains, (as is indicated 
the shadows they cast,) and in the center of the 
ley the long shadow of a single mountain thrown 
)B the plain. Just above this valley, we see a ridge 
mountains, casting uneven shadows opposite to the 
I, some sharp, like the shadows of mountain peaks. 
ese appearances are, indeed, rather minute ; but we 
St recollect that they are represented on a very 
all scale. The most favorable time for viewing the 
untains and valleys of the moon with a telescope, 
^hen she is about seven days old. 
Ml. The full moon docs not exhibit the broken as- 
;t so well as the new moon ; but we see dark and 
bt regions intermingled. The dusky places in tho 
on were formerly supposed to consist of water, and 

les into a cup. What shape have many of the valley s? What du 
sometimes see surrounding the valley ? What rising in the center 
? Point out mountains and valleys on the diagram? 
U. Whut is said of the telescoinc view ol OaB l\i^ias»rsi<\ "^^^Na^ 



ibe bright er placea, of land; astronomers, tow! 
are now of the opinion, that there is no water ii 
moon, but that the dusky parts are extensive pi; 
■while the brightest streaks are mountain ridges. 1 
separate place has a distinct name. Thus, a ren 
able spot near the lop of the moon, is called Ty 
another, Kepler ; and another, Copernicus; after 
ebrated asironomers of these names. The 1 
dusky parts are called seas, as the Sea of Hua 
the Sea of Clouds, and the Sea of Storms. Sen 
the mountains are estimated as high as five miles, 
some of the valleys four miles deep, 

242. The moon revolves about the earth from ' 
to east, once a month, and accompanies the c 
around the sun once a year. The interval in w 
the goes through the entire circuit of the heai 
from any star roimd to the same star a^in, is call 
sidereal month, and consists of about ST:!- days ; bu 
time which intervenes between one new moon 
another, is called a synodical month, and is corop 
of 29^ days* A new moon occurs when the sua 
moon meet in the same pari of the heavens \ foj 
though the sun is 400 limes as distant from us as 
moon, yet as we project them both upon the face o: 
sky, the moon seems to be pursuing her path an 
the stars as well as the sun. Now the sun, as we 
the moon» is travelling eastward, but with a sic 
pace ; the sun moves only about a degree a day, yi 
the moon moves more than thirteen degrees a < 
While the moon, after being with the sun, has I 
going round the earth in 27\ days, the sun, vda 
■" — ~— — 

were the daik places in the moon fonnerly supposed to be? Wb> 
astronomers now consider them? How are places on the moon 
med 7 Repeat some of the names. What is the height of some a 
mountains, and depth of the valleys ? 

242. Revolutions of the moon. What is a sidereal month 7 ] 
Jong is it 7 What \s a a^ivodiccX n^ra^l When does a new b 
occur ? "Why is the av^o^wSiVsiitgei ^Cdsmi ^Cafc %v^\K^\BO(BS^t 



has been going eastward apoui 27 degrees ; so ^ 
hen the moon returns to the part of the heavens 
she left the sun, she does not find him there, 
es more than two days to catch up with him. 

The moon, however, does not pursue precisely 
ne track with the sun in his apparent annual 
, though she deviates but little from his path, 
iclination of her orbit to the ecliptic is only 
ive degrees, and, of course, the moon is never 
arther from the ecliptic than that distance, 
le is commonly much nearer to it than that, 
ivo points where the moon's orbit crosses the 
3, are called her nodes. They are the intersec- 
f the solar and lunar orbits, as the equinoxes are 
ersections of the equator and ecliptic, and, like 
:er, are 180 degrees apart. 

The changes of the moon, ^- i^^. 

mly called her phases, arise 
ifierent portions of her en- . 
ed side being turned towards 
th at different times. When 
on comes between the earth 
i sun, her dark side is turned 

s us, and we lose sight of her ^ ^ 
hort period, at A, (Fig. 1 05,) 
jhe is said to be in conjunc" ^^^ ^^n ^ir^ 
As soon as she gets a little '■^ ^t^ ^" 
onjunction, at B, we first ^^ 
B her in the evening sky, CT v Q 

form of a crescent, — the Q 

lown appearance of the new 
When at C, half her enlightened disk is turned te- 
as, and she is in quadrature, or in her first quarter. 

[ow many degrees is the moon's orbit inclined to the ecliptic 7 
le nodes. How far apart ? 

V^ence arise the phases of the moon ? When is the moavi ««id. 
conjunction ? When in quadrataie 1 "Wtica m a^f^awStfsoA 
20 
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At D, throe-foartlis of the d»k it iRmiiiii^ted, aadtf 
when the eaith lies between the mm «ad the 
whole disk is enlightened, and she it in 
time of Aill moon. In proceeding from 
conjunction, or fh>m full to new moon, the 
portion diminishes in the same way at it inenasodi 
conjunction to opposition, being in the hat qoaila 
G. Within the first and last qnartors^ Ae tennn 
is turned from the sun, and the moan h said tc 
homed; but within the second and third quarterif 
terminator presents its concave side towards the 
and the moon is said to be gibbmis. 

245. The moon turns on her axi^ in the same 1 
in which she revolves about the earth. This is kni 
by the moon's always keeping nearly the same 
towards us, as is indicated by ilie telescopCj wl 
could not be the case, unless hV revolution on 
axis kept pace with her motion in her orbit. Tak 
apple to represent the moon ; thrust a knittiiig^ne 
through it in the direction of the stem, to represent 
axis, in which case the two eyes of the apple will 
urally represent the poles. Through the poles, c 
line around the apple, dividing it into two hemisphc 
and mark them so as to be readily distinguished i 
each other. Now place a ball on the table to re 
sent the earth, and holding the apple by the knitt 
needle, carry it round the ball, and it will be seen 1 
unless the apple is made to turn about on its axil 
it is carried around the ball, it will present difie 
sides towards the ball ; and that, in order to mai 
always present the same side, it will be necessai3 
make it revolve exactly once on its axis, while i 

What figure has the moon in the first and last quarters 7 What b 
second and third ? 

245. Invrhat time does the moon turn on her axis? HowH 
known ? How ilYostraXed \rf vol v^\^!^' "wltk % ]uiittiiig-ii0e& f 
walking loond a txeel 



TBB MOON. 231 

going round the circle, — the reTolution on its axis 
keeping exact pace with the motion in its orbit. The 
same thing will be observed, if we walk around a tree, 
always keeping the lace towards the tree. It will be 
necessary to turn round on the heel at the same rate 
as we go forward round the tree. 

246. An Eclipse of the Moon happens when the 
moon, in its revolution around the earth, falls into the 
earth's shadow. An Eclipse of the Sun happens when 
the moon, coming between the earth and the sun, cov- 
en either a part on .}he whole of the solar disk. As 
. the din0|i^^l||(j4l|^ shadow is, of course, op- 

posite 10- Aitltt^JA^ moon can fall into it only when 
in opposition, or at the time of full moon ; and as the 
moon can come between us and the sun only when in 
conjunction, or at the time of new moon, it is only 
then that a solar eclipse can take place. If the moon's 
orbit lay in the plane of the ecliptic, we should have 
a solar eclipse at every new moon, and a lunar eclipse 
.at every full moon ; but as the moon's orbit is inclined 
to the plane of the ecliptic about five degrees, the 
moon may pass by the sun on one side, and the earth's 
ahadow on the other side, without touching either. It 
is only when, at new moon, the sun happens to be at 
or near the point where the limar orbit cuts the plane 
€)f the ecliptic, or at one of the nodtSy that the moon's 
dsk overlaps the sun's, and produces a solar eclipse. 
^80, when the sun is at or near one of the moon's 
nodes, the earth's shadow is thrown across the other 
node, on the opposite side of the heavens, and then, 
cu the moon passes through this node, at the time of 
<^position, she falls within the shadow, and produces 
alunar eclipse. 

246. When does an eclipse of the moon happen ? When an eclipse 
of the sun ? At what age ol the moon does it eclipse the sun — ^and at 
^rhai a^e does it suffer eclipse ? Why do not eclipses occur at every 
reTolution ? At or near wiiat point must the suju Uc, la ax^^x \.W)X va. 
eclipse may take place 2 
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247. Figure 106 lepresents both loads of < 
The shadow of the moon, when in eofmm 
represented as just long enough toreaefa the < 

Fig.lO& 





is the case when the moon is at or about he 
distance from the earth. In this case, a spc 
the earth, situated at the place where the po 
shadow touches the earth, would see the s 
eclipsed for an instant, while the countries a 
a considerable distance, would see only 
eclipse, the moon hiding only a part of the si 
sheds on such places a partial light, called tl 
hrOf as is indicated in the figure by the darl 
on each side of the moon's shadow. A si 
numbra is represented on each side of th 
shadow, because, when the moon is approa 
shadow, a part of the light of the sun begins 
tercepted from her when she reaches this 

247. Describe Fig. 106. At what point of the earth woulc 
of the sun be total 1 Where partial ? What is this partia 
ed 1 What is saidoixYkQ iajoot)L« ^uxvcc^t^l VrW.<Mcs 
nular eclipse 1 
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'^*^« receives less and less light from the sun until, 
^"lien she enters the shadow, his disk is entirely hid- 
^^n. When the moon is farther from the earth than 
**^T average distance, her disk is not large enough to 
'^ver the sun's, but a ring of the sun appears all around 
^*^e moon, constituting an annular eclipse. 

248. Eclipses of the sun are more frequent than 
^^086 of the moon. Yet, lunar eclipses, being visible 

[every part of the hemisphere of the earth in which 
\ moon is above the horizon, while those of the sun 
^Tiaible only to a small portion of the hemisphere 
' ich the moon's shadow falls, it happens that, for 
^^paiticalar place on the earth, there are seen more 
_ BOB of the moon than of the sun. In any year, 
number of eclipses of both luminaries cannot be 
than two, nor more than seven. The most usual 
^mber is four, and it is very rare to have more than 
•ix. A total eclipse of the moon frequently happens 
*t the next full moon after an eclipse of the sun. For, 
•ince, in a solar eclipse, the sun is at or near one of 
the moon's nodes, — that is, is projected to the place in 
the sky where the moon crosses the ecliptic, — the 
earth's shadow, which is, of course, directly opposite 
to the sun, must be at or near the other node, and may 
Hot have passed too far from the node before the moon 
connes round to the opposition and overtakes it. 

249. A total eclipse of the sun is one of the most 
Sublime and impressive phenomena of Nature. Among 
barbarous tribes, it is always looked on with fear and 
astonishment, and as strongly indicative of the wrath 
of the gods. When Columbus first discovered Amer- 

248. Which are most frequent, the eclipses of the sun or the moon ? 
Of which are the greatest number visible ? What number of both 
caa happen in a single year ? What is the most usual number ? 
Why does an eclipse of the moon happen at the next full moon after an 
eclipse of the sun ? 

249. What is said of an eclipse of the sun ? What is told of Colum- 
bus 7 Why i» a totaJ eclipse of the sun Te^iM^e^ m\}cw *o us^s^Ss^.- 

20* 
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ica, and was in danger of hostility from the natiref 
he awed them into submission by telling them that tfa* 
sun would be darkened on a certain day, io token o 
the anger of the gods at them for their treatment o 
him. Among cultivated nations, also, a total eclips( 
of the sun is regarded with great interest, as verifyin( 
with astonishing exactness the predictions of astron 
omers, and evincing the great knowledge they have 
acquired of the motions of the heavenly bodies, am 
of the laws by which they are governed. From 1831 
to 1838, was a period distinguished for great eclipsei 
of the sun, in which time there were no less than five, 
of the most remarkable character. The next total 
eclipse of the sun, visible in the United States, will 
occur on the 7th of August, 1869. 

250. Since Tidea are occasioned by the ioflaencc 
of the sun and moon, a few remarks upon them will 
conclude the present chapter. By the tides are meinl 
the alternate rising and falling of the waters of the 
ocean. Its greatest and least elevations are called 
high and low water ; its rising and falling are called 
flood and ebb; and the extraordinary high and low 
tides that occur twice every month, are called spring 
and neap tides. It is high water, or low water, oa 
opposite sides of the globe at the same time. If, for 
example, we have high water at noon, it is also high 
water to those who live on the meridian below us, 
where it is midnight. In like manner, low water oc- 
curs at the same time on the upper and lower meridian. 
The average height of the tides, for the whole globe, 
is about two and a half feet ; but their actual height 
at different places is very various, sometimes being 

tcrest among cultirated naiaoas ? What period was distinguished for 
grt-at oclipsea of the sun ? When will the next total eclipse of tlie 
«un occur ? 

230. What fjf o tUe ti4os ? What is meant by hi;ih and low water— 
iocdiiua cLii— ai*riug and a€u|» ! >\'hore is it higli uater and wheif 
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scarcely perceptible, and sometimes rising to sixty or 
seventy feet. In the Bay of Fundy, where the tide 
rises 70 feet, it comes in a mighty wave, seen thirty 
Biiles off, and roaring with a loud noise. 

251. Tides are caused by the unequal attraction of 
the sun and moon upon different parts of the earth. 
We shall attend hereafter more particularly to the sub- 
ject of universal gravitation, by which all bodies, or 
Biasses of matter, attract all other bodies, each accord- 
ing to its weight, when they act on a body at the same 
distance ; but when at different distances, the force 
increases rapidly as the distance is diminished, so that 
the force of attraction is four times as great for half 
the distance, one hundred times as great for one tenth 
the distance, and, universally, the force increases in 
proportion as the square of the distance diminishes. 
Such a force as this is exerted by the moon and by 
the sun upon the earth, and causes the tides. As 
the sun has vastly more matter than the moon, it would 
raise a higher tide than the moon, were it not so much 
further off. This latter circumstance gives the ad- 
vantage to the moon, which has three times as much 
influence as the sun in raising the tides. If these 
bodies, one or both of them, acted equally on all parts 
of the earth, they would draw all parts towards them 
alike, but would not at all disturb the mutual relation 
of the parts to each other, and, of course, would raise 
no tide. But the sun or moon attracts the water on 
the side nearest to it more than the water more re- 
mote, and thus raises them above the general level, 
forming the tide wave, which accompanies the moon 
in her daily revolution around the earth. It is not dif- 

bw water at the same time? Average height of the tides for the 
whole globe ? What is said of their actual height at different places ? 
How high does the tide rise in the Bay of Fundy ? 

251. By what are tides caused ? What force is exerted by the sun 
and moon upon the earth ? Why does not the sun mise a greater 
tide than the moon ? How does the sun's gTcuXci A\»VaLftR^ ^n^ ^^i 
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ficult to see how the tide is thus raised on the side of 
the meridian nearest to the moon ; but it may not be 
so clear why a tide should at the same time be raised 
on the opposite meridian. The reason of this is, that 
the waters farthest from the moon, being attracted less 
than those that are nearer, and less than the solid 
earth, are left behind^ or appear to rise in a direction 
opposite to the center of the earth. Hence, we hare 
two tides every twenty-four hours, — one when the 
moon passes the upper meridian, and one when she 
passes the lower. Each, however, is about fifty niin> 
utes later to-day than yesterday, for the moon comes 
to the meridian so much later on each following day. 

252. Were it not for the impediments which prevent 
the force from producing its full effects, we might ex- 
pect to see the great tide wave always directly beneath 
the moon, attending it regularly around the globe. But 
the inertia of the waters prevents their instantly obey- 
ing the moon's attraction, and the friction of the wa- 
ters on the bottom of the ocean still further retards 
its progress. It is not, therefore, until several hours 
after the moon has passed the meridian of a place, 
that it is high tide at that place. 

253. The sun has an action similar to that of the 
moon, but only one-third as great. It is not that the 
moon actually exerts a greater force of attraction upon 
the earth than the sun does, that her influence in rais- 
ing the tides exceeds that of the sun. She, in fact, 
exerts much less force. But, being so near, the dif- 
ference of her attraction on different parts of the earth 
is greater than the difference of the sun's attraction ; 
for the sun is so far off, that the diameter of the earth 

advantage to the moon ? Why is it high tide on opposite sides of the 
earth at the same time ? How much hitcr is the high tide of to-day than 
that of yost(>rday ? 

252. Why is it not high tide when the moon is on the meridian ? 

253. How much less is the action of the sun in raising the tides thin 
that of the moon ? Why has the laoon so much greater power ? 
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caears but a small proportion to the distance, and tbere- 
E^Bre the force exerted by the sun is more nearly equal 
on all parts of the earth, and we must bear in mind 
ftliat the tides are owing, not to the amount of the force 
«>f attraction, but to the difference of the forces exerted 
<Mi different parts of the earth. 

254. As the sun and moon both contribute to raise 
"die tides, and as they sometimes act together and 
•ometimes in opposition to each other, so correspond- 
ing variations occur in the height of the tides. The 
spring tides, or those which rise to an unusual height 

Fig. 107. 




twice a month, are produced by the sun and moon's 
acting together ; and the neap tides, or those which 
are unusually low twice a month, are produced by the 
sun and moon's acting in opposition to each other. 
The spring tides occur when the sun and moon act in 
the same line, as is the case both at new and full 

Fig. 108. 




moon ; and the neap tides when the two luminaries 
act in directions at right angles to each other, as is the 

254. Explain the spring tides — also the nea^ tides. l\X»a^.\:i^fc Syj 
the Hgurea. 



I whom ik9 «idto is in fpmfdsi^bm^ 1 
lUbtios, in mehmtie^ will be cleaiijr «iideii 
ipe^iiigfigitt«al07aadlOS. : 

Figuie 107 dunrs the situatiMi.^ ibe t 
ifee iiiiiaii lliaSf4M9t. together u new momi 
ten mie eletsM both oa the suae aide < 
M4he etttHHitv bodjtoe al A« sod eteo «& « 
Mtyet B.j'.If ;iNi Aow coiiceiir#th»:«iMi 
iitfliM^to fitHi^iMi it irotdd he Ml noon, 
i«Md etiU |iaM the eaiiie eloiif»ted fif^iic 
aig4M two bodtee, white etj^aees 90? diela 
D, it would be low water. ^ Again, ia :%ii 
hmmmh being in qoadratore at C, die iw« 
bodies aet qt ojmositioa to each othisr, the 
a tide at kwoA tf,ph^e^the moon raiaea a 
tide at C and D. .^fl«ttce, the high iide li 
moon, and ihe low tide at places 90^ distai 
less than ordinary. 

£55. The largest lakes and inland seas h 
ceptible tides. This is asserted by all ^ 
specting the Caspian and Black Seas ; anc 
is found to be true of the largest of the No 
can lakes, Lake Superior. Although the 
tracts of water appear large, when taken 
selves, yet they occupy but small portic 
surface of the globe, as will be evident on s 
small a space they occupy on the artificial 
that the attraction of the sun and moon is nc 
on all parts of such sea or lake. But it i 
quality of attraction on different parts that 
the tides. 

255. Why hare lakes and inland seas no tides ? 
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THE PTATST?. 

Section 1. General Viem 'if -i« P!rta«ii. 

S56. The name planet is ierl-*^ iVnm i G'*^^ 
word which signifie* a TinuUr^r. lar: j* ly^ii^ v. -.iiun 
class of bodies, becanae thej ^h::: '.:a'j: y.XxVs.^.H .:^ 
ike heavens, whereas the nxftr: «ar^ 'ron.ir^i.-rij Tia. re- 
tain the same places with r'i^pent Yj *a4^rl ^tiier. TV. ft 
planets known from a hi^ antur.r.rrj *r*. .Ar^rinrj. V*- 
_ HUB, £arth, Mars, Japiter. \nC iSai.;rr.. To "^hft^ft, ir* 

- 1781, was added Unuii». ('ir \l»:r'.r.:^'., ^« ::: -* v.nr»e- 

- times called, from the nameot the 'iUcvrer^r.; ir..^. « 

late as the commencement of tr^e pT^^^r*: cetiii.rj, :o'-.r 

more were added, namelv. Cer*^^; PaL.w. J .r.">, ar*.! 

Vesta. All these are called ynmary pi.^f. ft^-^ . ri ^T*:ril 

of them hare one or mor*: a::enfif;ri:^, or JtauUiu^t, 

Which revolve around them, as th^y re^olTe a-rocrid 

the sun. The earth has one satelitte. nam-tlv. the 

tnoon ; Jupiter has four ; Satam, seren ; and fJnnas, 

^ix. Mercury, Venus, and Mars, are withomt satellites. 

The same is the case with the four new planets, or 

wisteroids, as they are sometimes called. The wholo 

naniber of planets, therefore, are twenty-nine, namely, 

eleven primary, and eighteen secondary planets. 

257. Mercury and Venus are called Inferior planets, 
l>ecause they have their orbits nearer to the sun than 
that of the earth ; while all the others, being more 
distant from the sun than the earth is, are called Su- 



256. Whence the name planet ? What planftUi have U;cn known 
from a h«h anticmity 1 What hare been added to these ? What in 
•aid of the satellites ? What is the whole numljer of planets ? 

257. Why are Mercury and Yenua called Inferior plancU» 1 Why 
the others Superior planet* 7 
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perior planets. Let iis now compare the planed 
one another, in regard to iheir distances fromtl 
their maj^nitudes^ aud iheir times of re volution, 
[ 259, Dis lances from ike sun, in mileii. 

1. Mercury, 5? 37,000,000. 



2, 


Venus, 


9 


68,000,000. 


3. 


Eartli, 


© 


95,000,000. 


4, 


Mars, 


$ 


142,000,000. 


5. 


Yesta, 


t 


225,000,000. 


6. 


Juno, 


^ } 




7. 


Cerea, 


n 


261,000,000. 


8. 


Pallas, 


$ } 




9. 


Jupiter, 


U 


485.000,000. 


10, 


Saturn, 


^ 


490,000,000. 


11. 


Urauns, 


W 


1800,000,000, 



Ttio dimensions of the planetary syatem a) 
from this table to bo vast, comprehending a i 
space thirty-six hundred uiilhoiis of miles in di 
A rail-way car, travelling constantly at the 
twenty miles an hour, would require more than 
thousand years to cross the orbit of Uranus. 
259. Magnitudes. 

Diameter. Diameta 



5. Ceres, 16( 

6. Jupiter, 89,00< 

7. Saturn, 79,00« 

8. Uranus, 35,00( 



1. Mercury, 3140 

2. Venus, 7700. 

3. Earth, 7912. 

4. Mars, 4200., _ . _,.. 
We perceive that there is a great diversity 

the planets, in regard to size. While Venus, a 
rior planet, is nine-tenths as large as the earth 
a superior planet, is only one-seventh, while 
is twelve hundred and eighty-one times as 

•The magnitudes are proportioned to the cube* of the diameten. 

258. Repeat the table of distances. What is said of thi 
sions of the planetary system ? How long would a railway 
cfossinz the orbii of llnmus X 

259. Kepeat the la\Ae oi mocgDiVaAA^. '^Xv^Sa «v^ «:^^]bka • 
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Utliough several of the planets, when nearest to us, 
appear brilliant and large when compared with most 
^f the fixed stars, yet the angle under which they are 
een is very small, that of Venus, the greatest of all, 
tever exceeding about one minute, which is less than 
iie-tbirtieth the apparent diameter of the sun or moon.*^ 
upiter, also, by his superior brightness, sometimes 
lakes a striking figure among the stars ; yet his great- 
8t apparent diameter is less than one-fortieth that of 
:ie sun. 

260. Periodic Times. 



Mercury, 3 months. 
Venus, 7J " 
Earth, 1 year. 
Mars, 2 years. 



Ceres, 4j years. 
Jupiter, 12 " 
Saturn, 29 " 
Uranus, 84 



We perceive that the planets nearest the sun move 
lost rapidly. Mercury performs nearly three hun- 
red and fifty revolutions while Uranus performs one. 
lie apparent progress of the most distant planets 
round the sun is exceedingly slow. Uranus advances 
aly a little more than four degrees in a whole year ; 
) that we find this planet occupying the same sign, 
id of course remaining nearly in the same part of 
le heavens, for several years in succession. 

Sec. 2. Of the Inferior Planets. 

261. Mercury and Venus have their orbits so far 
ithin that of the earth, that they appear to us as at- 
mdants upon the sun. Both planets appear either in 
16 west a little after sunset, or in the east a little be- 

*Ifi etery eftimation of angular breadths or dittaneet, it is eonTenient to 
%r in mind that tlie angular breadth of the sun or moon is about half • 
Uree. 

I regard to size ? What of the angular diameter of the planets 7 
[ow do the largest compare with the sun or moon ? 

260. Repeat the table of periodic times. What is said of the plan- 
ts nearest the sun ? What of those most distant ? 

261, How do Mercury and Venus appeal mlYn^s^^X \a ^<ft v^^'X 

21 
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fore sunrise. la high latitudes,' Where die twil]|^ii 
long, Mercury can seldom be seen With the oikedeyv^ 
and then only when its angular dietance iEtom the wm 
is greatest. In our latitude, we can nmmOfe$»A% 
glimpse of this planet for seTeral eveniiiga nil mn 
ings, if we will watch the time (ii8iiaily||tv«Bhiliii 
almanac) when it is at ito greateiit ehogafms flli 
the sun. It, however, soon runs beck- mgdm te^li 
The reason of this will be piaja Inn At!lfr 



sun. 



lowing diagram. Let S represent the smiyE 







M Q N R the orbit of Mercury, Z P an arc of the 
heavens. Then, since we refer all distant bodies IB 
the sky to the same concave sphere, we should see the 
sun at Z, in the heavens, and when the planet was it 
R or Q, we should see it close by the sun, and when 



What of Mercury in high latitudes ? What in our latitude 7 Whffl 
do we catch a g&mpa© oi \l 1 '£x^\«ai^eoft twowa^^^thk from thfl fij- 
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it was at its greatest elongation, at M or N, we should 
see it at O or P, when its angular distance from the 
8UQ would be measured by the arc O Z or P Z. Sup- 
pose Mercury comes into view at M, its greatest east- 
ern elongation ; as it passes on to Q, its inferior con- 
jonction, it appears to move in the sky backwards, or 
contrary to the order of the signs, from O to Z ; and 
it continues its backward motion from M to N, or appa- 
rently from O to P. But now from N, its greatest 
western elongation, through R, its superior conjunction, 
to M, its greatest eastern elongation, its apparent mo- 
tion is direct. Then, the planet is said to be in its 
superior conjunction. The inferior planets, Mercury 
and Venus, appear to run backwards and forwards 
across the sun, Mercury receding so little from that 
luminary as almost always to be lost in his beams. 
Venus, however, moves in a larger orbit, and recedes 
80 far from the sun, on both sides, as often to remain a 
long time in the evening or morning sky, always im- 
mediately following or preceding the sun, and hence 
called the evening and morning star. 

262. When an inferior planet is near its greatest 
elongation, on either side, it presents to us, when 
viewed with the telescope, half its enlightened disk, 
appearing to the telescope like the moon in one of her 
quarters. While passing from the eastern to the west- 
ern elongation, through the inferior conjunction, the 
enlightened portion grows less and less, taking the 
crescent form, like the old of the moon, until it arrives 
at the inferior conjunction, when it presents the entire 
dark side towards us. Soon after passing the con- 
junction, it appears like the new moon, and increases 
to the first quarter, at the greatest western elongation. 
When passing through the superior conjunction, the 

202. How does an inferior planet appear when at its greatest elonga- 
tion ? How when between that and the inferior conjunction ? How 
towards the superior conjunction 1 In what TespeotA do xXv.e'S t^^'vs^^ 
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Other Eld 6 of lbs sutif the enlightened part eo 
increases^ and becomes like tUe full moon iii 
perior conjunctian, after which the enlighiened 
decreases. The phases of Mercury and Venii 
fore, as seen in the telescope, resemble the 4 
of the moon. In some rpspecis, however, the 
imcea do not correspond to those of the mc 
since, when full, they are in the part of the 01^ 
remote from os, thev appear iheo much smal 
when on the side of the inferior conjunetit 
their nearness to the sun, when full, also prevei 
being seen except in the day time, and then t 
invisible to the naked eye, because their ligb 
in that of the sun. Hence, these planets 
brightest when a little less than half their enltj 




sides are turned towards us, (being then just 
their greatest elongation on either side,) sine 
greater nearness to us more than compensates i 
ing in view a less portion of the enlightened c 
will be seen by the accompanying diagram. 

263. Mercury and Venus both revolve on the 
in nearly the same time with the earth, anc 
therefore, similar days and nights. Mercur) 

the changes of the mooiv'l Ho>»i do iV^a^ dififet ? At what 
the infenor planet* appe«t\>x\^XA«x'\ 
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almost all its peculiarities to its nearness to the sun. 
Its light and heat derived from the sun are estimated 
to be nearly seven times as great as ours, and the sun 
would appear to an inhabitant of Mercury seven times 
as large as it does to us. The motion of Mercury, in 
his revolution round the sun, is swifter than that of 
any other planet, being more than 100,000 miles every 
hour ; whereas, that of the earth is less than 70,000. 
Eighteen hundred miles every minute, — crossing the 
Atlantic ocean in less than two minutes, — this is a 
Velocity of which we can form but very inadequate 
conceptions. 

264. Every time Mercury and Venus come to their 
mferior conjunction, they would eclipse the sun, if 
■ their orbits coincided with the earth's orbit, or both 
Were in the same plane ; as we should have a solar 
eclipse at every new moon, if the moon's orbit were 
in the same plane with the earth's. As, however, the 
orbits of these planets are inclined to the ecliptic, they 
^re not seen on the sun's disk except when the con- 
junction takes place at one of their nodes. They then 
pass over the sun, each in a round black spot, and the 
phenomenon is called a Transit. Transits of Mer- 
cury and Venus occur but seldom, but are regarded 
with the highest interest by astronomers, that of Ve- 
nus, in particular ; for, by observing it at distant points 
on the earth, materials are obtained for finding the 
sun's horizontal parallax, which enables astronomers 
to calculate the distance of the sun from the earth. 
(See Art. 219.) In the transits of Venus, in 1761 
and 1769, several European governments fitted out 
expensive expeditions to parts of the earth remote 
from each other. For this purpose, the celebrated 

263. In what time do Mercury and Venus revolve on their axes ? 
To what does Mercury owe its peculiarities ? Explain his swiftness 
of motion. 

264. Why do not Mercury and Venus eclipse the sun at every infe- 
rior conjunction ? What is a transit 1 Why reeoLided mtk «k^ tcscX 

21« 
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ik, in 1769, went to the Soulh Pacific 
baerved ihe transit of Venus at the IsUud 
(TahiiiJ while others weot to Lapland 
purpose, and others, still, to many other 
globe. The next transit of Venus will 
174, 



I 



Sec f the Superior Planets^ 



Lhe olanets, excent Mercury and VeniiB, 
le sun ihan the earth's 
ill or conjunction wilb 
I the moon when ftill; 
BtatiL from the sun iban 




Hi 



the earth is, they can never come into inferior con- 
junction. This will be plain from the foregoing db- 

interest ? What ia said of tbe twiaaitB of Venus in I7fil uut iiw I 
When will ih* ilkjX traftaii ol N eoiaifc 'tuc^i^eft'^ 
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gram. Let the earth be at E, and a superior planet, 
as Mars, in different parts of his orbit, M Q M'. At 
M', the planet would be seen in the same part of the 
heavens with the sun, rising and setting at the same 
time with him, and would therefore be in conjunction ; 
but being the other side of the sun, it would, of course, 
be a superior conjunction. At Q, the planet would 
appear in quadrature, and at M, in opposition, rising 
when the sun sets, like the full moon. 

266. The superior planets, however, do not, like the 
inferior, undergo the same changes as the moon, but, 
with the exception of Mars, always present to the 
telescope their disks fully enlightened; for, if we 
riewed them from the sun, we should have the whole 
enlightened side turned constantly towards us ; and 
8o small is our own distance from the sun, compared 
with that of Jupiter, Saturn, or Uranus, that we view 
them nearly as though we stood on the sun. Mars, 
being nearer the earth, does in fact change his figure 
slightly ; for, when seen in quadrature, at Q, a small 
part of the enlightened hemisphere is concealed from 
lis, and the planet appears gibbous, like the moon 
when a little past the full. The superior planets, 
however, undergo considerable changes in apparent 
magnitude and brightness, being at one time much 
nearer to us than at another. Thus, in figure 111, 
Mars, when at M, in opposition, is nearer the earth 
than at M', in superior conjunction, by the whole 
diameter of the earth's orbit, — a space of about 
1 90,000,000 miles. Hence, when this planet is in 
opposition, rising soon after the sun sets, it often sur- 
prises us by its unusual splendor, which appears more 

265. What are superior planets ? How do they differ from the infe- 
rior ? Explain their conjunction and opposition by the figure. ^ 

266. Have the superior planets any phases ? What is said of the 
phases of Mars ? What changes of apparent magnitude do the lupe- 
hor planets undergo ? Explain the cause of these. 
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Striking on account of its fiery red color. All the 
otluT planets, likewise, appear finest when in opposi- 
tion, altlioii«rli the remoter planets are less altered than 
those that are nearer to us. 

2(w. Jupiter is distinguished from all the other 
phi nets by his great magnitude. His diameter is 
8i),000 miles, and his volume 1281 times that of the 
earth. He revolves on his axis once in about ten 
hours, giving to places near his equator a motion 

Fi-. 112. 




twenty-seven times as swift as on the earth. It will 
he HM-ollected, also, that the distance of Jupiter from 
tho sun is 485,000,000 miles, and that his revolution 
around the sun occupies twelve years ; so that every 
thino- belonging to this planet is on a grand scale. 
'J'hc view of Jupiter through a good telesco])e, is one 
of \\u) most splendid and interesting si^ihts in astron- 
omy. 'J'he disk exj)ands into a large and bright orb. 
like- tlio full moon ; across the disk, arrujiged in par- 
aUel stripes, are several dusky bands, called ffdts; and 

•-^(s. Ily what, is .Injuf.cr .lisr.in.onislu'd In.in all Ihr otiicr~i)[an«'ts .' 
Jiis di.iiiK'tcr— vohmin—distancr irum the .sun? View ol Jiipiti-r 
tliroii-h ;i ;:()()d telescope ? Appearance ol" his disk, belts and salel- 

iiles / 
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four bright satellites, or moons, constantly varying 
their positions, add another feature of peculiar mag- 
nificence. 

268. Saturn has also within itself a system full of 
grandeur. Next to Jupiter, it is the largest of the 
planets, being 79,000 miles in diameter, or about 1000 
times as large as the earth. It has, likewise, belts on 
its surface, Uiough less distinct than those of Jupiter. 

Fig. 113. 




But the great peculiarity of Saturn is its Ring, a broad 
wheel, encompassing the planet at a great distance 
from it. What appears to be a single ring, when 
viewed with a small telescope, is found, when exam- 
ined by powerful telescopes, to consist of two rings, 
separated from each other by a dark line of the sky, 
seen between them. Although the division of the 
rings appears to us, on account of our immense dis- 
tance, as only a fine line, yet it is in reality an inter- 
val of not less than 1,800 miles ; and, although we see 
in the telescope but a small speck of sky between the 
planet and the ring, yet it is really a space 20,000 miles 

268. Saturn compared with Jupiter— diameter— volume— belts — 
£in|g^-what is said of this 1 Distance between \]!ca Ta^\ ^x««i^ii^ 
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broatl. Tlie breadth of the inner wheel ia 
miles, and ihai of the outer, 10,500 miles ; sot 
entire diameter of the outer ring, from outside 
side, is 179,000 miles. These rings are so fi 
the body ot the planet, that an inhabiiaiu of thai 
. would not lake ihem for appenilages to his own 
but would Tiew them as magnificent arches on L 
of the starry heavens. 




269. Saturn's ring, in its revolution with the 
around the sun once in about thirty years, ; 
keeps parallel to itself, as is represented in 1 
nexed diagram, where the small circle, a b, 
earth's orbit, and Saturn is exhibited in eight di 
positions in his orbit. If we hold a circle, as i 
of coin, directly before the eye, we see the enti 
cle ; but if we hold it obliquely, it appears an e 
and if we turn it round until we see it edgewi 
ellipse grows constantly narrower and narrowei 
when ihe edge is towards us, we see nothing 

of each wheel ? Entire diameter of the nuttr ring? What i 
the appertrAncp of the rings inom the planet 1 

SOli. W hat port illon does thfiriug keep in its rerolulio?! i 
film t De^f:rib& Fxg. 114. Into W^^^^Ki&v&^bAstj^ ^ 



Its riprolutio?! i| 
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line. If the learner obtains a clear idea of these ap- 
pearances, he will easily understand the different ap- 
pearances of Saturn's ring. In two points of the revo- 
lution around the sun, at A and E, the edge is present- 
ed to us, and we see the ring only as a fine line, or, 
perhaps lose sight of it altogether. After passing this 
point, from B to C, we see more and more of the 
ellipse, until, in about seven years it arrives at C, when 
it appears quite broad, as represented in figure 114. 
Th^m it gradually closes again for seven years more, 
and dwindles into a line at E. 

270. Saturn is attended by seven satellites. Al- 
though they are bodies of considerable size, yet, on 
account of their immense distance from us, they ap- 
pear exceedingly minute, and require superior teles- 
copes to see them at all. It is accounted a good tel- 
escope which will give a distinct view of even three 
of the satellites of Saturn, and the whole seven can 
be seen only by the most powerful telescopes in the 
world. 

271. Uranus is also a large body, being 35,000 
miles in diameter; but being 1800,000,000 miles off, 
it is scarcely seen except by the telescope, and would 
hardly be distinguished from a fixed star, if it were 
not seen to have the motions of a planet. In the most 
powerful telescopes, however, it exhibits more of the 
character of a planet. Herschel saw, as he supposed, 
six satellites belonging to this planet, but only two are 
commonly visible to the best telescopes. So distant 
is this planet, that the sun himself would appear from 
it 400 times less than he does to us, and it receives 
from him light and heat proportionally feeble. 

leen in different positions 7 In what points is the edge presented to 
xa ? When does it appear broadest ? 

270. How many satellites has Saturn ? How do they appear to the 
telescope ? What power does it require to see them ? 

271. uranus — ^his diameter— distance from the sun — appearance in 
tiie telescope— number of satellitea ? Hoiw iwooid \l^ svniv^^vL ^x»odl 

VtTUiUS? 
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272. The New Planets^ or Asteroid^ Certi, 

Palias^ Juno, and Vesla^ were tiaknown lintii the com- 
mencement of the present century. They are so small 
as to be invisible to the naked eye, but are seen bf 
telescopes of moderate power. They lie near togethef 
in the large space between the orbits of Mars and Jo- 
p iter J at an average distance from the sun of attont 
250,000,000 miles. 

Sec. 4* Of the Planetary Moti&ns. 

273. The planets all revolve around the sun m llw 
same direction, from west to east, and pursue nearlj 
the same paih in the heavens. Mercury wanders f«^ 
thest from the general track, but he is never seen far- 
ther than about seven degrees from the ecliptic. Tfe* 
others, with the exception of the Asteroids, are alwaji 
seen close in the neighborhood of the ecliptic, and ire 
never need to look iu any other part of the sky foil 
planet, than in the region of the sun*s apparent patib 
the heavens. 

274. If we could stand on the sun and view tk 
planets move round it, their motions would appear 
very simple. We should see them one after another, 
pursuing their way along the great highway of ibe 
heavens, the zodiac, rolling around the sun. as the 
moon does around the earth, though with very differ- 
ent degrees of speed, those near the sun moving wiii 
far more rapidity than those more remote, of^en over- 
taking them, and passing rapidly by them. Mercurff 
especially, comes np with and passes Jupiter, Saturn, 
and Uranus, a great number of times while they axt 
- — - ? g^ 

27^. What lag Hid oftbfl New PI nnc tn^thci r dbcoveiy— size— po- 
sition in the soIbt system — distance fjooiti th& sun ? 

272. PJanetftry fictions— through what part of the hear^jLa — which. 
waaflr-'jif fjAilhe^^t from the eclipLic ? 

274, IfwDcouM view the plnnets fmm the sun, how would thfj 
appear to move 1 In^hajt oThits^ and with what difl^crent degrtQCiw 
speed 1 
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making their tardy circuit around the sun. To a spec- 
tator thus situated, the planets would all appear to 
move around him in great circles, such being their 
projections on the face of the sky. They are^ how- 
ever, not perfect circles, but are a little shorter in one 
direction than the other, forming an oval or ellipse. 

275. Such would be the appearances of the planet- 
ary motions if viewed from the center of their motions, 
that is, at the sun, and such they are in fact. But two 
cauaes operate to make the motions of the planets ap- 
pear very different from what they really are ; first, we 
Tiew them out of the center of their motions, and, sec- 
ondly, we are ourselves in motion. We have seen, 
in the case of the inferior planets. Mercury and Ve- 
nus, that our being out of the center makes them ap- 
pear to run backwards and forwards across the sun, 
although they are all the while moving steadily on in 
one direction; and we know that our own motion 
along with the earth on its axis, every day, makes the 
heavens appear to move in the opposite direction. 
Hence, we see how very different may be the actual 
motions of the planets from what they appear to be. 
As we have said, they are actually very simple, mov- 
ing steadily round the sun, all in one direction ; but 
their apparent motions are exceedingly irregular. 
They sometimes move faster and sometimes slower 
— ^backwards and forwards — and at times appear to 
stand still for a considerable period. 

276. If we have ever passed swiftly by a small ves- 
sel, sailing in the same direction with ourselves, but 
much slower, we may have seen the vessel appear to 
be moving backward, stern foremost. For a similar 
reason, the superior planets sometimes seem to move 
backwards, merely because the earth has a swifter 

275. What makes the planetary motions appear very different from 
what they really are ? Are the real nM>tion« more or less simple thaiL 
the apparent ? 

22 
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motion, and sails rapidly by them. Then- 
eeeni to stand stillj because they are abo 
when our motion has ceased to carry thenfi 
backwards atiy further, and they are recov 
direct motion. They appear also to stand , 
they are moving directly towards us or t 
Mercury or Yenus does when near its gtm 
gation, (See Fig. 10!:?, page 242.) A dit 
asBist us in obtaininor a clear idea of the wa; 
these appearances aie produced. 
Fig, 115. 




277. Let the inner circle, ABC, repr 
earth's orbit, and the outer circle the orbit 

276. AppeaxBiice oi «i \e%%fe\"«\vetvN«ft^*3» tojQidly by it 
the supenoT pluieXa vgipe^x \a tsiq^^Xiv^vl^^'vs&.m;^ « 
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Sr any other superior planet,) and N R a portion of 
e concave sphere of the heavens. To make the 
case simple, we will suppose Mars to be stationary at 
- M, in opposition ; for, although he is actually movin<y 
eastward all the while, yet, since the earth is moving 
the same way more rapidly, their relative situations 
wUl be the same, if we suppose Mars to stand still and 
the earth to move on with the excess of its motion 
tbove that of the planet As the earth moves from A 
to B, Mars appears to move backward from P to N ; 
for the planet will always appear in the heavens in the 
direction of the straight line, as B M, drawn from the 
spectator to the body. When the earth is at B, Mars 
appears stationary, because the earth is movinj^ directly 
rrom him and the line B M N does not change its di- 
c^ction. But while the earth moves on to C, D, E, 
P^, the planet resumes a direct motion eastward through 
O, P, Q, R. Here it again stands still, while the 
^arth is moving directly towards it, and then goes back- 
^^ard again. When the planet is in opposition, the 
^rth being at A, its motion appears more rapid than 
^n other situations, because then it is nearest to us. 
In the superior conjunction, when the earth is at D, 
^e motion of Mars is comparatively slow. 

278. There are three great Laws that regulate the 
^notions of all bodies belonging to the Solar System, 
called Kepler's Laws, from the name of the great as- 
tronomer who discovered them. The first is, that the 
<nhU8 of the earth and all the planets are ellipses, having 
^ sun in one of the foci of the ellipse. Figure 116 rep- 
resents such an ellipse, differing but little from a cir- 
cle, but still having the diameter, A B, called the major 
«fw of the orbit, perceptibly longer than C D. The 



, 277. Illustrate the motion of Man fiom Fig. U 
tioii mofit rapid ? When slow ? 
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two points, E and F, {being the points from 
a ceriatn process, the figure is described,) a 


Fig. lie. 
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the two foci, and each of them, b, focus, of th 
Suppose the sun at F, then B will be the pei 
nearest distance of a planet to the sun, and 
aphelion, ox farthest distance. 

279. A line drawn from the sun to a planet 
the radius vector, as £ a or E 6, (Pig. 117 ;] 
second of Kepler's Laws is, that while a plane 
round the sun, the radius vector passes over eq 
in equal times. The meaning of this is, tl 
imaginary line, as a cord, were extended froi 
te any planet, this cord would sweep over jus 
space one day as another. When the plane 
perihelion, the cord would, indeed, move U 
towards the aphelion ; but it would also b( 



279. WbatiB tVko x«di\ui vector? Repeat the second 
plain its meamn^ 
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he greater breadth of the space, E a h, would 
it just equal to the narrower but longer space, 




- This law has been of incalculable service in all 
igher investigations of astronomy. 
0. The third of Kepler's Laws is, that the squares 
periodic times of different planets, are proportioned 
? cubes of the major axes of their orbits. Now the 
die time of a planet, or the time it takes to go 
I the sun, from any star back to the same star 
, can be seen by watching it, as has often been 
during the whole of its revolution. We also 
the length of the major axis of the earth's orbit, 
ise it is just twice the average or mean distance 
> earth from the sun. These things being known, 
m find the distance of any of the planets from the 
y a simple statement in the rule of three. For 
pie, let it be rf.i|uired to IjuJ ih'^ inij^H- f:xis of 

lUpe^t the thiid Jitw. Wkut i 
* How tunyi^ i>j£ penfidlft^ 
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Jupiter's orbit, or the mean distance of Jupiter from 
the sun, which is half the length of that axis. Then, 
since the earth's periodic time is one year, and Jupi- 
ter's twelve years, (putting £ for the earth's distance 
from the sun, and J for Jupiter's,) we say, 

V : 12« : : E' : P. 

Now the three first terms in this proportion are 
known, and hence we can find the fourth, which is 
the cube of Jupiter's distance from the sun ; and, on 
extracting the cube root, we find the distance itself. 
We see, therefore, that the planetary system is laid 
ofi" by an exact mathematical scale. 

281. The three foregoing laws are so many great 
facts, fully entitled to be called general principles^ be- 
cause they are applicable not only to this or that planet, 
but to all the planets alike, and even to comets, and 
every other kind of body that may chance to be dis- 
covered in the solar system. They are the rules ac- 
cording to which all the motions of the system are 
performed. But there is a still higher inquiry, respect- 
ing the causes of the planetary motions, which aims 
at ascertaining not in what manner the planets move, 
but why they move at all, and by what forces their 
motions are produced and sustained. Sir Isaac New- 
ton first discovered the great principle upon which all 
the motions of the heavenly bodies depend, that of 
Universal Gravitation, In its simplest expression it 
is nearly this : all matter attracts all other matter. But 
a more precise expression of the law of gravitation is 
as follows ; Every body in the universe^ whether great 
or small, attracts every other body, with a force which 

major axis of the earth's orbit ? How to find the major axis o Jupi- 
ter's orbit? 

281. Why are these laws called general principles ? What higher 
inquiry is there ? Who first discovered the grand law of the celestitl 
motions? What is it^called? Its simplest expression? Its more 
precise expression ? 
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is proportioned to the quantity of matter directly, and to 
the square of the distance inversely, 

282. This is the most comprehensive and important 
of all the laws of nature, and ought therefore to be 
clearly understood in its several parts. Fir sty it as- 
serts that all matter in the universe is subject to it. 
In this respect it differs from Gravity , which respects 
only the attraction exerted by the earth, and all bodies 
within the sphere of its influence. But Universal 
Gravitation embraces the whole solar system— sun, 
moon, planets, comets, and any other form of matter 
within the system. Nor does it stop here ; it extends 
likewise to the stars, and comprehends the infinitude 
of worlds that lie in boundless space. Secondly , the 
law asserts that the attraction of gravitation is in pro- 
portion to the quantity of matter. Every body gives 
and receives of this mysterious influence an amount 
exactly proportioned to its weight; and hence all 
bodies exert an equal force on each other. The sun 
attracts the earth and the earth the sun, and one just 
as much as the other ; for if the sun, in consequence 
of its having 354,000 times as much matter as the 
earth, exerts upon it 354,000 times as much force as 
it would do if it had the same weight with the earth, 
it also receives from the earth so much more in con- 
sequence of its greater weight. Were the sun divi- 
ded into 354,000 bodies, each as heavy as the earth, 
every one would receive an equal share of the earth's 
attraction, and of course the whole would receive in 
the same degree as they imparted. Thirdly, the law 
asserts that, at different distances, the force of gravi- 
tation is inversely as the square of the distance. If a 
body is tvnce as far off, it attracts and is attracted 

282. What is said of the importance of this law ? What does it hs- 
uert Jurat — what seconcUv ? How much does every body give and re- 
ceive of this influence? Example in the earth and sun. What does 
tke law assert thirdlu? How much less does a body attract another 
when twice as far on, or ten times as far *{ 
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ess ; if ten limes as far, one hundred 
if a hundred times as far, ten thousand 

* grreat principle, which has led to a kn owl- 
causes of ihi^ celestial motions, and given 
t into the machinery of the Universe, was 
by Sir Isaac Newton, who is generally 
ed to have had the most profound mind of 
pher that has ever lived. He was born in 
vm in EuEland in the year 1642, He was 
having died before he 
sd him for a farmer; 
dde passion for study, 
us he displayed in lus 
unate determination u» 



1 principle of Gravitslimi 
.Txpiain me revojutions of the heavenly 
bodieg* If I throw a stone horizontally, the attraction 
of the earth will continiially draw it downwards, out 
of the lino of direction in which it was thrown, aud 
ninike it descend to the earth in a curve. The parttc- 
idar form of the curve will depend on the velocity with 
which it is thrown. It will always hegin to move in 
the line of direction in which it is projected ; but it 
will soon be turned from that line towards the eartk 
It will, how^ever, continue nearer to the line of pro- 
jrjction, in proportion as the velocity of projection is 
greater. Let A C (Fig. 118) be perpendicular to the 
horizon, and A B parallel to it. and let a stone be 
throw Q from A in the direction of A B. It will, in 
ever>^ case, commence its motion in the line A Br 
which will therefore be a tangent to the curve it tie* 

2t?3. What ii Kiid of Sir JaaM: Nfi wton 1 

2S t. How lA thp principle of univcrea] ^i-avltntion npplii?d to the ei- 
phnninjn of the ceiesiml motions ? How wUl a alono move vhm 
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scribes ; but, if it be thrown with a small velocity, it 
ivill soon depart from the tangent, describing the curve 

Fig. 118. 




A D ; with a greater velocity, it will describe a curve 
nearer the tangent, at A £ ; and with a still greater 
Telocity, it will describe the curve A F. 

285. As an example of a body revolving in an 
orbit under the influence of two forces, suppose a body 



Fig. 119. 




placed at any point, P, (Fig. 1 1 9,) above the surface of 
the earth, and let P A be the direction of the earth's 



.285. Explain the motions of a body trom Y\t^. W^. 
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center, or aline pci^, 
body were allowed 
impulse, it would dcs 
of P A with an acculi^i 
at the moment of its 
blow ia the direction,! 
ill the time the bodyj 
under the influence 
along the curve P B. 
to it in the direction 
curve, P E; or, finally Jj 
strong, it would circuff 
scribing the circle P F ' 
tion still greater, it wou 
and if the velocity wero^ 
the figure would become 
which never returns into^ 



Fig. 120. 




isheLl, the planet's motion is cont, 
and becomes very swift as it appTofl 
But, Trvben a body is revotvine in a < 
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velocity causes a rapid increase in the centrifugal force, 
and msLkes it endeavor with more and more force to fly 
off in the direction of a tangent to its orbit. Hence, the 
increase of velocity as it approaches the sun, will not 
carry it into the sun, but the more rapid increase of 
the centrifugal force will keep it off, and carry it by, 
and finally make it describe the remaining portion of 
the curve, back to the place where it set out. After 
it passes the perihelion, at G, the sun's attraction con- 
stantly operates to hold it back, and as it proceeds 
through H and K to A and C, it is like a ball rolled 
up hill, until finally its motion becomes so slow, that 
the centrifugal force yields to the force of attraction, 
and it turns about to renew the same circuit. 

287. Since the nature of the curve which any planet 
describes depends on the proportion between the two 
forces, of projection and attraction , astronomers have 
inquired what proportion must have been observed 
when the planets were first launched into space, in 
order that they should have revolved in the orbits they 
have ; and it is found that the forces were so adjusted 
as to make the centrifugal and attractive forces nearly 
equal, that of projection being a little greater. Had 
they been exactly equal, the curve would have been a 
circle ; and had the force of projection been much 
greater than it was, the ellipses would have been much 
longer, and the whole system much more irregular. 
The planets also revolve on their axes at the same time 
that they revolve around the sun; and astronomers 
have inquired what must have been the nature of the 
impulses originally given, in order to have produced 
these two motions such as they are. If we strike a 
ball in the exact line of the center of gravity, it will 
move forwards without turning on its axis ; but if wo 

■ ^^^sss 'i ; ■, ; .■ ■'■ ___ ^■■,. .3 

287. Wm weiiB the fimes of projection and attractuin adjuftftd to 
«ach odMT, «k « wtn ant launched into spaco 7 liovr 
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itrike H out of that direction we can maks 
ward urjd turn on ilB axis at the same timi 
culuiod ihai the earth must have received 
yfhich gave to tier her two moiioDS, at a d; 
the center eqtjal to the ^ix'^^^ P*^^ ^^ ^^^ *^ 
Such an impulse would suffice to give the 
in question ; but it would be presumptuo 
take to assign the exact mode by which tl 
first impressed upon the planetary system 
ous movements ; and all such expressions 
in g these bodies into space/' or '*impellii 
certain directions, roui*i be regarded as i 
of a pee eh. , 

U88. Beside explaining the revolutiona 
venly bodies, the principle of universal gri 
counts for all their tTrfgularities. Since 
in the solar system attracts every other, ei 
to be drawn out of its customary path, 
bodies tend mutually to disturb each othe 
Most of them are so far apart as to feel i 
influence but little ; but in other cases, wh 
bodies come far within each other's sphei 
tion» the mutual disturbance of their moti 
great. The moon, especially, has its ni 
tinually disturbed by the attractive force 
When the sun acts equally on the earth an 
as it does when the two bodies are at the 
tance from him, he does not disturb their n 
tions ; as the passengers on board a steam 
tain the same position with respect to i 
whether the boat is going with or against 1 
But, at new moon, the moon being nearer tl 

must they have been impelled in order to have the two m 
must the earth have been struck ? 

288. Beside the revolutions of the heavenly bodies, 
does the principle of universal gravitation account ? H< 
traction of differeivt bodies tend to aflfect each other's mof 
is said of the mooiv. 1 NWeu ^oci%\>Ev<& %m-cw ^\y^ ^« \s 
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he earth is, is more attracted than the earth ; and at 
'nil moon, the earth being nearer the sun than the moon 
8, is more attracted than the moon. Hence, in both 
sases, the sun tends to separate the two bodies. At 
3tb.eT times, as when the moon is in quadrature, the 
Influence of the sun tends to bring the bodies nearer 
together. Sometimes it causes the moon to move 
faster, and sometimes slower ; so that owing to these 
various causes, the moon's motions are continually dis- 
turbed, which subjects her to so many irregularities, 
that it has required vast labor and research to ascer- 
tain the exact amount of each, and so to apply it as to 
assign the precise place of the moon in the heavens 
at any given time. 

289. Among all the irregularities to which the hea- 
venly bodies are subject, there is not one which the 
principle of universal gravitation does not account for, 
and even render necessary ; so that if it had never 
been actually observed, a just consideration of the con- 
sequences of the operation of this principle, would 
authorize us to say that it must take place. Indeed, 
many of the known irregularities were first discovered 
by the aid of the doctrine of gravitation, and afterwards 
verified by actual observation. Such a tendency of 
all the heavenly bodies to disturb each other's motions, 
might seem to threaten the safety of the whole system, 
and throw the whole into final disorder and ruin ; but 
astronomers have shown, by the aid of this same prin- 
ciple, that all possible irregularities which can occur 
among the planets, have a narrow, definite limit, — in- 
creasing first on one side, then on the other, and thus 

of the moon and earth 7 When does the sun attract the moon more 
than the earth ? When the earth more than the moon 7 What va- 
rious disturbances does it produce on the moon's motions 7 

289. Does the principle of universal jravitation account for the ir- 
regularities of the celestial motions 7 How were many of them first 
discovered 7 Will these irregularities produce disorder and luin 7 
What haa been shown respecting thcii limill 
23 
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vibrating foreT^r about a meaa valuBj n 
the stability of the universe. 
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290. Nothing in astronomy is more 
than liie knowledge which astronomers h 
ofth^ motions of comets, and the pow< 
gained of |>redicting their return. Inded 
belonging to this class of bodies is so wn 
eeem rather a tale of romance than a siin 
facts. 

S91, A comet, when perfectly formei 
three parts, the nucleus, the envelope, 
The THtdf'uSy or body of the comet, is ui 
guishcd by its forming a bright point in 
the heady conveying the idea of a solid, 
a dense portion of matter. Though it is 
small when compared with the other parts 
and is sometimes wanting altogether, yet 
ally is large enough to be measured by th 
"telescope. The envelope (sometimes call 
^from a Latin word signifying hair, in al 
hairy apperance,) is a thick, misty coveri 
rounds the head of the comet. Many con 
nucleus, but present only a foggy mass. I 
is a regular gradation of comets, from such 
posed merely of a gaseous or vapory medi 

290. What is said of the knowledge astronomers 
comets ? 
391. Specify tYie ae\et«\^«iV»o\ x t,QjcaRX, '«sA^'6«Ri 
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Mrliich have a well defined nucleus. In some instan- 
ces, astronomers have detected, with their telescopes, 
small stars through the densest part of the comet. The 
kail is regarded as an expansion or prolongation of the 
envelope, and presenting, as it sometimes does, a train 
m}f astonishing length, it confers on this class of bodies 
their peculiar celebrity. These several parts are ex- 
liibited in Fig. 121, which represents the appearance 

Fig. 121. 




- of the celebrated comet of 1680, and which, in general 
^ »ize and shape, is not unlike that of 1843. The latter, 
-■• however, was not so broad in proportion to its length, 

- and its head (including the nucleus and coma) was far 
*^ less conspicuous. 

c 292. In magnitude and brightness, comets exhibit 

^ great diversity. History informs us of several comets 

' so bright, as to be distinctly visible in the day time, 

even at noon, and in the brightest sunshine. Such 

^as the comet seen at Rome a little before the assas- 

the nucleus — the envelope — the tail. How did the comet of 1680 com- 
pare wiih that of 1843? 

292. What is said of the magnitude and brightness of cotaeta X QC 
the comet seen at Rome ? Of that of iCdOl 01\%W\ 'fta^ vsi.^ 
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sination of Julius Caesar ; and, in a superstitions age, 
very naturally considered as the precursor of that 
event. The comet of 1680 covered an arc of the hea- 
vens of ninety-seven degrees, sufficient to reach from 
the setting sun to the zenith, and its length was esti- 
mated at 123,000,000 miles. The comet of 1811, 
had a nucleus only 428 miles in diameter, but a tail 
132,000,000 miles long; and had it been coiled around 
the earth like a serpent, it v^^ould have reached round 
more than 5000 times. Other comets are exceedingly 
small, the nucleus being in one case estimated at onty 
25 miles ; and some which are destitute of any per- 
ceptible nucleus, appear to the largest telescopes, even 
when nearest to us, only as a small speck of fog. The 
majority of comets can be seen only by the aid of the 
telescope. Indeed, the same comet has different ap- 
pearances at its different returns. Halley's comet, in 
1305, was described by the historians of that age, as 
the comet of " horrific magnitude ;" yet, ia 1835, when 
it re-appeared, the greatest length of its tail was only 
about twelve degrees, whereas that of the comet of 
1843 was about forty degrees. 

293. The periods of comets, in their revolutions 
around the sun, are equally various. Encke's comet, 
which has the shortest known period, completes its 
revolution in 3^ years ; while that of ^81 1 is estimated 
to have a period of 3,383 years. The distances to 
which different comets recede from the sun, are equally 
various. While Encke's comet performs its entire 
revolution within the orbit of Jupiter, Halley's comet 
recedes from the sun to twice the distance of Uranus, 
or 3600,000,000 miles. Some comets, indeed, are 
thought to go a much greater distance from the sun 

are some comets ? How does the same comet appear at its different 
returns ? 

293. What is said of the periods of the comets ? Of Encke's com' 
et ? Of that of 1811 ? What of the distances to which they recede 
from the sun ? 
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than this ; while some are supposed to pass into curves, 
which do not, like the ellipse, return into themselves ; 
and, in this case, they never come back to the sun. 

294. Comets shine hy reflecting the light of the sun. 
In one or two cases, they have been thought to exhibit 
distinct phases, like the moon, and experiments made 
on the light itself, indicate that it is reflected and not 
direct light. The tails of comets extend in a direct 
line from the sun, following the body as it approaches 
that luminary, and preceding the body as it recedes 
from it. 

295. The quantity of matter in comets is exceed- 
ingly small. The tails consist of matter so light, that 
the smallest stars are visible through them. They 
can only be regarded as masses of thin vapor, suscep- 
tible of being penetrated through their whole substance 
by the sunbeams, and reflecting them alike from their 
interior parts and from their surfaces. "The highest 
clouds that float in our atmosphere," (says a great 
astronomer. Sir John Herschel,) "must be looked 
upon as dense and massive bodies compared with the 
filmy and all but spiritual texture of a comet." The 
small quantity of matter in comets is proved by the 
fact, that they have at times passed very near to some 
of the planets, without disturbing their motions in any 
appreciable degree. As the force of gravity is always 
proportioned to the quantity of matter, were the density 
of these bodies at all comparable to their size, on 
coming near one of the planets, they would raise enor- 
mous tides, and perhaps even draw the planet itself 
out of its orbit. But the comet of 1770, in its way to 
the sun, got entangled among the satellites of Jupiter, 
and remained near them four months ; yet it did not 



294. By what light do comets shine ? Do they ever exhibit phases ? 
What is the direction of their tails ? 

295. Quantity of matter in comets ? Extreme thinness? What 
proofs are stated to show their small quantity of matter ? What is said 

. 23* 
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perceptibly change their motions. The same comet 
also came very near to the earth ; so that, had its quan- 
tity of matter been equal to that of the earth, it would, 
by its attraction, have caused the earth to have reyoWed 
in an orbit so much larger than at present, as to have 
increased the length of the year two hours and forty- 
seven minutes. Yet it produced no sensible effect on 
the length of the year. It may, indeed, be asked, 
what proof we have that comets have any matter, and 
are not mere reflexions of light ? The answer is, that 
although they are not able, by their own force of attrac- 
tion, to disturb the motions of the planets, yet they are 
themselves exceedingly disturbed by the action of the 
planets, and in exact conformity with the laws of uni- 
versal gravitation. A delicate compass may be greatly 
agitated by the vicinity of a mass of iron, while the 
iron is not sensibly affected by the attraction of the 
needle. 

296. The motions of comets are the most wonderful 
of all their phenomena. When they first come into 
view, at a great distance from the sun, as is sometimes 
the case, they make very slow approaches from day 
to day, and even, in some cases, advance but little from 
week to week. When, however, they come near to 
the sun, their velocity increases with prodigious rapid- 
ity, sometimes exceeding a million of miles an hour; 
they wheel around the sun like lightning ; and recede 
again with a velocity which diminishes at the same 
rate as it before increased. We have seen that the 
planets move in orbits which are nearly circular, and 
that therefore they always keep at nearly the same dis- 
tance from the sun. Not so with comets. Their peri- 
helion distance is sometimes so small that they almost 

of the comet of 1770 ? What proof have we that they contain any 
matter ? 

296. What is said of the motions of comets ? What is the shi^M of 
their orbits ? Of their distance from the sun at the perihelion and at 
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graze his surface, while their aphelion lies far beyond 
the utmost bounds of the planetary system, towards 
the region of the stars. This was the case with the 
comet of 1680, and the same is probably true of the 
-wonderful comet of 1843. But irregular as are their 
motions, they are all performed in exact obedience to 
the great law of universal gravitation. The radius 
vector always passes over equal spaces in equal times ; 
the greater length of the triangular space described at 
the aphelion, where the motion is so slow, being com- 
pensated by the greater breadth of the triangular space 
swept over at the perihelion, where the motion is so 
swift. 

297. The appearances of the same comet at differ- 
ent periods of its return are so various, that we can 
never pronounce a given comet to be the same with 
one that has appeared before, from any peculiarities in 
its form, size, or color, since in all these respects it is 
very different at different returns ; but it is judged to 
be the same if its path through the heavens, as traced 
among the stars, is the same. If, on comparing two 
comets that have appeared at different times, they both 
moved in orbits equally inclined to the ecliptic ; if they 
crossed the ecliptic in the same place among the stars ; 
if they came nearest the sun, or passed their peri- 
helion, in the same part of the heavens ; if their dis- 
tance from the sun at that time was the same ; and, 
finally, if they both moved in the same direction with 
regard to the signs, that is, both east, or both west ; 
then we should pronounce them to be one and the same 
comet. But if they disagreed in more or less of these 
particulars, we should say that they were not the same 
but different bodies." 

their aphelion ? Are the motions of a comet subject to the laws of 
gravitation ? 

297. How do we determine that a comet is the same with one that 
has appeared before ? Enumerate the several particulais in wbick\i&d^ 
&o must agree 7 
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298. Having established the identity of a comet 
with one that appeared at some previous period, the 
interval between the two periods would either be the 
time of its revolution, or some multiple or aliquot part of 
that time. Should we, for example, find a present comet 
to be identical with one that appeared 150 years ago, its 
period might be either 150 or 75 years, since possibly 
it might have returned to the sun twice in 150 years, 
although its intermediate return, at the end of 75 years, 
was. either not observed or not recorded. Hence the 
method of predicting the return of a comet which has 
once appeared requires, first, that we ascertain with 
all possible accuracy the particulars enumerated in 
article 297, which are called the elements of the comet, 
and then compare these elements with those of other 
comets as recorded in works on this subject. The 
elements of about 130 comets have been found and 
registered in astronomical works, to serve for future 
comparison, but three only have their periodic times 
certainly determined. These are Ilalley's, Biela's, and 
Encke's comets ; the first of which has a period of 75 
or 76 years ; the second, of Gf years ; the third, of 
3^ years. 

299. Halley's comet is the most interesting of these, 
and perhaps, on all accounts, the most interesting mem- 
ber of the solar system. It was the first whose return 
was predicted with success. Having appeared in 
1682, Dr. Halley, a great English astronomer, then 
living, ascertained that its elements were the same 
with one that had appeared several times before, at 
intervals corresponding to about seventy-six years, and 
hence pronounced this to be its period, and predicted 

298. When tho identity with a previous comet is esta))lished, how 
do we learn the time of its revohilion ? What is the method of pre* 
dieting their return ? Of how many comets have the elements been 
determined ? How many have their periods certainly ascertained ? 

299. What is said of llalloy's comet? What prevented Halley's 
fixing the exact moment of its return 7 W^hat is said about weit^ujog 
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distance, the calculation was to be made for every de- 
gree of the orbit, separately, through 360 degrees, for 
a period of seventy-six years. Guided, however, by 
such an unerring principle as universal gravitation, 
astronomers felt no doubt that the comet would be trae 
to its appointed time, and they therefore told us, months 
beforehand, the time and manner of its first approach, 
and its subsequent progress. They told us that early 
in August, 1835, the comet would appear to the tele- 
scope as a dim speck of fog, at a certain hour of the 
night, in the northeast, not far from the seven stars; 
that it would slowly approach us, growing brighter and 
larger, until in about a month, it would become vis- 
ible to the naked eye ; that, on the night of the sev- 
enth of October, it would approach the constellation 
of the Great Bear, and move along the northern sky 
through the seven bright stars of that constellation 
called the Dipper ; that it would pass the sun about 
the middle of November, and re-appear again on the 
other side of the sun about the end of December. All 
these predictions were verified, with a degree of exact- 
ness that constitutes this one of the highest achieve- 
ments of science. 

301. Since comets which approach very near the 
sun, like the comets of 1680 and 1843, cross the orbits 
of all the planets, in going to the sun and returning, 
the possibility that one of them may strike the earth 
has often been suggested, and at times created great 
alarm. It may quiet our apprehensions on this subject 
to reflect on the vast extent of the planetary spaces, 
in which these bodies are not crowded together as we 
see them erroneously represented in orreries and dia- 
grams, but are sparsely scattered at immense distances 
from each other, resembling insects flying in the open 

Dpsoribe the difiiculties attending it. What did astonomers tell us be- 
forehand ? How were these predictions fulfilled ? 
301. What is said of the danger that a comet will strike the earth? 
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heaven. Such a meeting with the earth is a very im- 
probable event ; and were it to happen, so extremely- 
light is the matter of comets, that it would probably be 
stopped by the atmosphere ; and if the matter is com- 
bustible, as we have some reason to think, it would 
probably be consumed without reaching the earth. 
And, finally, notwithstanding all the evils of which 
comets, in different ages of the world, have been con- 
sidered as the harbingers, we have no reason to think 
that they ever did or ever will do the least injury to 
mankind. 



CHAPTER VIII. 

FIXED STARS. 

NUMBER, CLASSIFICATION, AND DISTANCE OP THE STARS — ^DIFFER- 
ENT GROUPS AND VARIETIES — NATURE OF THE STARS, AND THE 
SYSTEM OF THE WORLD. 

302. Vast as are the dimensions of the Solar Sys- 
tem, to which our attention has hitherto been confined, 
it is but one among myriads of systems that compose 
the Universe. Every star is a world like this. The 
fixed stars are so called, because, to common observa- 
tion, they always maintain the same situations with 
respect to each other. In order to obtain as clear and 
distinct ideas of them as we can, we will consider, 
under different heads, the number, classification, and 
distances of the stars — their various orders — their na- 
ture — and their arrangement in one grand system. 

Sec. 1. Of the Number^ Classification^ and Distances 
of the Stars, 



What would happen if it should ? Have comets ever been known to 
do any injury ? 

302. Why are the fixed stare so caMedl \3iiABXN«\i^X$iiSi«tKS&V^^ 
are the £xed stars considered ? 
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303- en we look at the firmameni on a dear 
winter tit, the number of stars visible even to tbp 

naked seems immense. But when we actually 

begin % nt them, we are surprised to find the num- 
ber so IL In some parts of the heavens, half 
a dosie -s will occupy a large tract of ihe sky, 
althou other parts j they are mor<? ihickJy crowded 
togethr lipparchus of Rhodes, in ancient timefit 
first cc the stars, and stated their number at 1023. 
If we '^■^ *^'' jmnotni' wliisre we can see both the 
northej ere^ and carefully eaii- 
merate view at aH seasotis of 
the yea amount to 3000. The 
telesco ew hosts of stars in vis* 
ible to mbcr increasing' with 
every] instrument; so that we 
may p stars that are actually 
distributea tnrougn me neias of apace, to be literally 
endless. Single groups of half a do^en stars, as seen 
by the naked eye, often appear to a povverful telescope 
in the midst of hundreds of others of feebler light 
Astronomers have actually registered the positions af 
BO less than 50,000 ; and the whole number visible in 
the largest telescopes amoimts to many millions, 

304, The stars are classed by their apparent ms^' 
nitudes. The whole number of magnitudes recorded 
is sixteen, of wHch the first six only are visible to the 
naked eye; the rest are itkscopic stars. These mag- 
nitudes are not determined by any very definite scalCf 
but are merely ranked according to their relative de- 
grees of brightness, and iliis is left in a great id easing 
to the judgment of the eye alone. The brightest starSj 

303. Apparont niimk^r of the tttara on a genera] view. Result whf* 
"wc coanl ihnm* Who firet made a catabgut^ of ttuo atar^ ? How mi- 
ny TftfCTc included ? What is the grcRlcst numbc^r vjsifpk to the nateil 
eye ? Numbers visibk in thr tclescopH ? Whole number ? 

304. How Me l^i; hVina c\Bsatil Uq^ many magnitudes ? Ho# 
many of them am iriflMetio ^5^ iiffll*£&f?^a\ ^*f^ %a ^fea ■m&.OHJQc^ J 
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to the number of fifteen or twenty, are considered as 
stars of the first magnitude ; the fifty or sixty next 
brightest, of the second magnitude ; the next two 
hundred, of the third magnitude ; and thus the number 
of each class increases rapidly, as we descend the 
scale, so that no less than fifteen or twenty thousand 
are included within the first seven magnitudes. 

305. The stars have been grouped in constellations 
from the most remote antiquity. A few, as Orion, 
Bootes, and Ursa Major, (the Great Bear,) are men- 
tioned in the most ancient writings, under the same 
names as they have at present. The names of the 
constellations are sometimes founded on a supposed 
resemblance to the objects to which those names be- 
long ; as the Swan and the Scorpion were evidently 
so denominated from their likeness to these animals. 
But, in most cases, it is impossible for us to find any 
reason for designating a constellation by the figure of 
the animal or hero which is employed to represent it 
These representations were probably once connected 
with the fables of heathen mythology. The same fig- 
ures, absurd as they appear, are still retained for the 
convenience of reference ; since it is easy to find any 
particular star, by specifying the part of the figure to 
which it belongs ; as when we say a star is in the 
neck of Taurus, in the knee of Hercules, or in the tail 
of the Great Bear. This method furnishes a general 
clue to their position ; but the stars belonging to any 
individual constellation, are distinguished according 
to their apparent magnitudes, as follows : First, by the 
Greek letters, Alpha, Beta, Gamma, <fec. Thus, Alpha, 
of Orion, denotes the largest star in that constellation ; 

How many stars of the first magnitude ? How many of the second? 
Of the third ? How many within the first seven ? 

305. What is said of the antiquity of the constellations ? Origin of 
their names 7 Why are the ancient figures retained ? How are the 
individual stars of a constellation denoted 7 

24 
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Beta, of Andromeda, the second star in that; and 
Gamma, of the Lion, the third brightest star in the 
Lion. When the number of the Greek letters is insuf* 
ficient, recourse is had to the letters of the Roman 
alphabet, a, b, c, &c.; and in all cases where these 
are exhausted, the final resort is to numbers. This 
will evidently at length become necessary, since the 
largest constellations contain many hundreds or even 
thousands of stars. 

306. When we look at the firmament on a clear 
Autumnal or Winter evening, it appears so thickly set 
with stars, that one would perhaps imagine, that the 
task of learning even the brightest of them would be 
almost hopeless. So far is this from the truth, that it 
is a very easy task to become acquainted with the 
names and positions of the stars of the first magnitude, 
and of the leading constellations. It is but, at first, 
to obtain the assistance of an instructor, or some friend 
who is familiar with the stars, just to point out a few 
of the most conspicuous constellations. A few of the 
largest stars in it will serve to distinguish a constella- 
tion, and enable us to recognize it. These we may 
learn first, and afterwards fill up the group by finding 
its smaller members. Thus we may at first content 
ourselves with learning to recognize the Great Bear, by 
the seven bright stars called the Dipper ; and we might 
afterwards return to this constellation, and learn to 
trace out the head, the feet, and other parts of the ani- 
mal. Having learned to recognize the most noted of 
the constellations, so as to know them the instant we 
see them any where in the sky, we may then learn 
the names and positions of a few single stars of special 
celebrity, as Sirius, (the Dog-star,) the brightest of all 
the fixed stars, situated in the constellation Can is Ma- 

306. Is it a difficult task to learn the constellations, and the names 
of the largest stars ? What directions are given ? 
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jor, (the Greater Dog ;) Aldeharan, in Taurus ; Arc- 
turns, in Bootes ; Antares, in the Scorpion ; Capella, 
in the Waggoner. 

307. It is a pleasant evening recreation for a small 
company of young astronomers to go out together, and 
learn one or two constellations every favorable eve- 
ning, until the whole are mastered. A map of the 
stars, placed where the company can easily resort to 
it, will, by a little practice, enable them to find the 
relative situations of the stars, with as much ease as 
they find those of places on the map of any country. A 
celestial globe, when it can be procured, is better still ; 
for it may be so rectified as to represent the exact 
appearance of the heavens on any particular evening. 
It will be advisable to learn first the constellations of the 
zodiac, which have the same names as the signs of 
the zodiac enumerated in Article 203, (Aries, Taurus, 
Gemini, &c.;) although any order may be pursued 
that suits the season of the year. The most brilliant 
constellations are in the evening sky in the Winter.* 

308. Great diflSculties have attended the attempt to 
measure the distances of the fixed stars. We must 
here call to mind the manner in which the distances 
of hearer bodies, as the moon and the sun, are ascer- 
tained, by means of parallax. The moon, for exam- 
ple, is at the same moment projected on difierent 
points of the sky, by spectators viewing her at places 
on the earth at a distance from each other. (See 
Art. 218.) By means of this apparent change of place 
in the moon, when viewed from diflferent places, astron- 

• For more particular directions for studying the constellations, inclu- 
ding^ a description of the most important of them, the author ben leave to 
refer to his larger books, as the ** School Asu-oaomy,** aud ** Letters on 
Astronomy.'* 

307. What is proposed as an evening's recreation ? What use is to 
be made of a celestial map or globe ? With what constellations is it 
advisable to commence ? 

308. What is said of the attempt to measure the distances of the fix- 
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omers, as already explained, derive "her tori 
allax, and from ihat her distance from th« 
the earth. The stars^ howev^er, are ao ffl 
they have no horizontal parallax, but appi 
in the same direction, whether viewed froi 
of the earth or another. They have not, ir 
very recently, appeared to have any annua 
by which is meant^ tha,l they do not shift tl 
in the least in consequence of our viewjj 
different extremities of the earth's orbit, — 
of 190,000,000 of miles- The earth, ia 
revolution aronnd the siin, must he so muc! 
certain stars that lie on one side of her orbi 
is to the same stars when on the opposite i 
orbit ; and yet even this immense change ii 
of the spectator, makes no apparent chai 
position of the st^rs of the firsi magnltuc 
from their being so t;onspicuoiia| were natu 
red to be nearest to us. Although this resi 
tell us how far off the stars actually are, y< 
us that they cannot be within a distance 
millions of millions of miles ; for were t 
that distance, the nicest observations woul 
them smne annual parallax. If these cone 
drawn with respect to the largest of the 
which we suppose to be vastly nearer to 
those of the smallest magnitude, the idea < 
swells upon us when we attempt to estinc 
moteness of the latter. Of some stars it i 
thousands of years would be required for tl 
travel down to us. 

309. By some recent observations, ho\i 
supposed that the long sought for parallax 
fixed stars has been discovered. In the 

ed stars ? Have the stars in general any horizontal par 
is meant by saying l\vaX, \.\ve s\.?cc& V-aN^ Tva ^wuvial paral 
what distance must l\ie gcfe^xXjo^-^ ol>Jtka ^\ax^ \»\ 
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Professor Bessel, of Koningsberg, (Prussia,) announ- 
ced the discovery of a parallax in one of the stars of 
the constellation Swan, (61 Cygni^) amounting to 
about one third of a second. This seems, indeed, so 
small an angle, that we might have reason to suspect 
the reality of the determination ; but the most com- 
petent judges, who have thoroughly examined the pro- 
cess by which the discovery was made, give their 
assent tci it. What, then, do astronomers understand 
when they say, that a parallax has been discovered in 
one of the fixed stars, amounting to one-third of a sec- 
ond 1 They mean that the star in question apparently 
shifts its place in the heavens to that amount, when 
viewed at opposite extremities of the earth's orbit ; 
namely, at points in space distant from each other 
190,000,000 of miles. Let us reflect how small an 
arc of the heavens is one-third of a second ! The 
angular breadth of the sun is but small, yet this is 
towards six thousand times as great as the discovered 
parallax. On calculating the distance of the star from 
us, by this means, it is found to be six hundred and 
fifty-seven thousand seven hundred times ninety-five 
millions of miles, — a distance which it would take 
light more than ten years to traverse. 

Sec. 2. Of Groups and Varieties of Stars. 

310. Under this head, we may consider Double, 
Temporary, and Variable Stars ; Clusters and Nebulae. 
Double Stars are those which appear single to the 
naked eye, but are resolved into two by the telescope ; 
or, if not visible to the naked eye, they are such as, 

309. Give an account of the discovery of the parallax of 61 Cygni? 
How much is it ? What do astronomers understand by this ? How 
much less angular breadth is one third of a second than the breadth ol 
the sun ? What distance does this imply ? 

310. £Qumerate the different groups and varieties of the stars. 

24* 
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when seen in the telescope, are so close togethei 
to be regarded as objects of this class. Sometin 
three or more stars are found in this near Conner 
constituting triple or rauUiple stars. Castor, for 
ample^ (one of the two bright stars in the constella 
Gemini,) when seen by the naked eye, appears i 
single star ; but in a telescope, eiren of moderate p 
er, it is resolved into two. These are nearly of ei 
size ; but, more commonly, one is exceedingly si 
in compEirison with the other, resembling a sate 
near its primary, aUhough in distance, in light, am 
other charact eristics, each has all the attributes < 
star, and the combination, there fore , cannot be tha 

' , Fig. 122. 




a star with a planetary satellite. The diagram sh 
four double stars, as they appear in large telescop 
311. A circumstance which has given great inte 
to the double stars is, the recent discovery that s 
of them revolve around each other. Their time 
revolution are very different, varying in the cas 
those already ascertained, from 43 to 1000 year; 
more. The revolutions of these stars have reve 
to us this most interesting fact, that the late of g 



What are douVAe aVaial Gweasvexam^e in Castor. Why ma 
the sxnidler star be a.\»\aiie\.a.i^ a«Xft^\» \ 



FIXED STARS. 283 

tation extends to the fixed stars. Before these discov- 
eries, we could not decide, except by a feeble analogy, 
that this law extended beyond the bounds of the solar 
system. Indeed, our belief rested more upon our idea 
pf unity of design in the works of the Creator, than 
open any certain proof; but the revolution of one star 
aromid another, in obedience to forces which are proved 
to be similar to those which govern the solar system, 
establishes the grand conclusion, that the law of grav- 
itation is truly the law of the material universe. 

312. Temporary Stars are aew stars, which have 
appeared suddenly in the firmament, and after a sud- 
den interval, as suddenly disappeared, and returned no 
more. It was the appearance of a new star of this 
kind, one hundred and twenty-five years before the 
Christian era, that prompted Hipparchus to draw up a 
catalogue of the stars, so that future astronomers 
might be able to decide the question, whether the star- 
ry heavens are unchangeable or not. Such, also, was 
the star which suddenly shone out in the year 389, in 
the constellation Eagle, as bright as Venus, and after 
reipaining three weeks, disappeared entirely. In 1572, 
a new star suddenly appeared, as bright as Sirius, and 
continued to increase until it surpassed Jupiter when 
brightest, and was visible at mid-day. In a month, it 
began to diminish ; and, in three weeks afterwards, it 
entirely disappeared. It is also found that stars are 
now missing, which were inserted in ancient cata- 
logues, as then existing in the heavens. 

313. Variable Stars are those which undergo a pe- 
riodical change of brightness. One of these is the 
star Mira, in the whale. It appears once in eleven 

311. What has recently given great interest to the double stars? 
What inference is made respecting the law of gravitation? 

312. What are temporary stars ? What led Hipparchus to number 
the stars? What is said of the star of 389? Of 1572? What stars 
are now missing ? 
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months, remains at its greatest brightness about a fort- 
night, being then equal to a star of the second magni- 
tude. ^ It then decreases about three months, until it 
becomes completely invisible, and remains so about 
five months, when it again becomes visible, and con- 
tinues increasing during the remaining three mouths 
of its period. Another variable star in Perseus, goes 
through a great variety of changes in the course of 
three days. Others require many years to accompUsh 
the period of their changes. 

314. Clusters of stars will next claim our attention. 
In various parts of the sky, in a clear night, are seen 
large groups which, either by the naked eye, or by 
the aid of the smallest telescope, are perceived 'to 
consist of a great number of small stars. Such are 
the Pleiades, Coma Berenices, (Berenice's Hair,) and 
Praesepe, or the Beehive, in Cancer. The PUxades^ 
or Seven Stars, as they are called, in the neck of Tau- 
rus, is the most conspicu(»us cluster. With the naked 
eye, we do not distinguish more than six stars in this 
group ; but the telescope exhibits fifty or sixty stars, 
crowded together, and apparently separated from the 
other pans of the starry heavens. Berenices* s Hair^ 
which may be seen in the summer sky in the west, a 
little westward of Arcturus, has fewer stars, but they 
are of a larger class than those which compose the 
Pleiades. The Beehive^ or Nebula of Cancer, as it is 
called, is one of the finest objects of this kind for a 
small telescope. A common spy-glass, indeed, is suf- 
ficient to resolve it into separate stars. It is easily 
found, appearing to the naked eye somewhat hazy, 
like a comet, the stars being so near together that their 
light becomes blended. A reference to a celestial 
map or globe will show its exact position in the con- 
« -* 

313. What are variaLlj stars? Give an example in Mira, and in 
Perseus. 

314. What is said of clusters of stars 7 Gwe examplear. What if 
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stellation Cancer, and it will well repay those who can 
command a telescope of any size, for the trouble of 
looking it up. A similar cluster in the sword handle 
of Perseus, near the well known object, Cassiopea's 
Chair, in the northern sky, also presents a very beau- 
tiful appearance to the telescope. 

315. Nehul(B are faint, misty appearances, which 
are dimly seen among the stars, resembling comets, or 
a speck of fog. A few are visible to the naked eye ; 
one, especially, in the girdle of the constellation An- 
dromeda, which has often been reported as a newly 
discovered comet. The greater part, however, are 
visible only to telescopes of greater or less power. 
They are usually resolved by the telescope into myr- 
iads of small stars ; though, in some instances, no 
powers of the telescope have been found sufficient to 
resolve them. The Galaxy, or Milky Way, presents 
a continual succession of large nebulae. The great 
English astronomer, Sir William Herschel, has given 
catalogues of 2,000 nebulae, and has shown that nebu- 
lous matter is distributed through the immensity of 
space in quantities inconceivably great, and in separate 
parcels of all shapes and sizes, and of all degrees of 
brightness, between a mere milky veil and the con- 
densed light of a fixed star. In fact, more distinct 
nebulae have been hunted out by the aid of telescopes, 
than the whole number of stars visible to the naked 
eye in a clear winter's night. Their appearances are 
extremely diversified. In many of them we can ea- 
sily distinguish the individual stars ; in those appa- 
rently more remote, the interval between the stars 
diminishes, until it becomes quite imperceptible ; and 

said of the Pleiades ? What of Berenice's Hair ? What of the Bee- 
h ive ? Of the cluster in Perseus ? 

315. What are Nebulae ? Are any visible to the naked eye ? How 
do they appear by the telescope ? What is said of the Galaxy or Milky 
Way 7 How many nebulae aid Herschel discover X C«xi^% "c^ARku^ 
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in their faintest aspect they dwindle to points so mi- 
nute, as to be appropriately called star dust. Beyond 
this, no stars are distinctly visible, but only streaks or 
patches of milky light. In objects so distant as these 
assemblages of stars, any apparent interval between 
them must imply an immense distance ; and were we 
to take our station in the midst of them, a firmament 
would expand itself over our heads like that of our 
evening sky, only a thousand times more rich and 
splendid ; and were we to take our view from such a 
distant part of the universe, it is thought by astrono- 
mers that our own starry heavens would all melt to- 
gether into the same soft and mysterious light, and be 
seen as a faint nebula on the utmost verge of creation. 
316. Many of the nebulae exhibit a tendency towards 
a globular form, and indicate a rapid condensation 
towards the center. These wonderful objects, how- 
ever, are not confined to any particular form, but ex- 
hibit great varieties of figure. Sometimes they appear 
of an oval form ; sometimes they are shaped like a 
fan ; and the unresolvable kind often assume the most 
fantastic forms. But, since objects of this kind must 
be seen before they can be fully understood, it is hoped 
the learner will avail himself of any opportunity he 
may have to contemplate them through the telescope. 
Some of them are of astonishing dimensions. It is 
but little to say of many a nebula, that it would more 
than cover the whole solar system, embracing within 
it the immense orbit of Uranus. 

Sec. 3. Of the Nature of the Stars, and the System 
of the World. 



them all into stars ? If we were to take our position in the midst of a 
crcat nobula what should we see over our heads / How would our 
firmament appear ? 

316. What is said of the different forms of nebuls 7 What of their 
dij2)0£tsioiis 7 
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317. We have seen that the stars are so distant, 
that not only would the earth dwindle to a point, and 
entirely vanish as seen from the nearest of them, but 
that the sun itself would appear only as a distant star, 
less brilliant than many of the stars appear to us. 
The diameter of the orbit of Uranus, which is about 
3600,000,000 of miles, would, as seen from the nearest 
star, appear so small that the finest hair would more 
than cover it. The telescope itself, seems to lose all 
power when applied to measure the magnitudes of the 
stars ; for although it may greatly increase their light, 
so as to make them dazzle the eye like the sun, yet 
it makes them no larger. They are still shining j^om^j. 
We may bring them, in effect, 6000 times nearer, and 
yet they are still too distant to appear otherwise than 
points. It would, therefore, seem fruitless to inquire 
into the nature of bodies so far from us, and which 
reveal themselves to us only as shining points in space. 
Still there are a few very satisfactory inferences that 
can be made out respecting them. 

318. First, the fixed stars are bodies greater than our 
earth. Were the stars no larger than the earth, it 
would follow, oh optical principles, that they could not 
be seen at such a distance as they are. Attempts have 
been made to estimate the comparative magnitudes of 
the brightest of the fixed stars, from the light which 
they afford. Knowing the rate at which the intensity 
of light decreases as the distance increases, we can 
find how far the sun must be removed from us, in order 
to appear no brighter than Sirius. The distance is 
found to be 140,000 times its present distance. But 
Sirius is more than 200,000 times as far off as the 
sun ; hence it is inferred, that it must, upon the lowest 
estimate, give out twice as much light as the sun ; or 

317. How would our sun appear from the nearest fixed star 7 How 
broad would the orbit of Uranus appear ? 

318. What ifl said of the size of the stars? Are the stars of vaxvoxia 
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I to the discovery of a parallax, (see Art. 3 

erally thought to have less than half th 
matter in the sun, which accounts for the 
so diminutive in size, while they are a 
much nearer to us than the great body of 
319. Secondly, the fixed stars are Sui 
ferred that they shine by their own light, 
the planets, by reflected light, since re 
would be too feeble to render them visil 
distance. Moreover, it can be ascertains 
ing certain tests to light itself, whether i 
reflected light ; and the light of the stari 
examined, proves to be direct. Since, th 
are large bodies like the sun ; since t 
mensely farther oflf than the farthest pi 
they shine by their own light; and, in 
their appearance is, in all respects, the 
sun would exhibit if removed to the region 
the conclusion is unavoidable that the sts 
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: the naked eye ; nor as land marks to the navigator, for 
^ only a small portion of them are adapted to this pur- 
Zf pose ; nor, finally, to influence the earth by their at- 
tractions, since their distance renders such an effect 
entirely insensible. If they are suns, and if they ex- 
ert no important agencies upon our world, but are 
bodies evidently adapted to the same purpose as our 
sun, then it is as rational to suppose that they were 
made to give light and heat, as that the eye was made 
for seeing and the ear for hearing. 

320. We are thus irresistibly led to the conclusion, 
that each star is a world within itself, — a sun, attend- 
ed, like our sun, by planets to which it dispenses light 
and heat, and whose motions it controls by its attrac- 
tion. Moreover, since we see all things on earth con- 
trived in reference to the sustenance, safety, and hap- 
piness of man, — the light for his eyes, the air for his 
lungs, the heat to warm him, and to perform his labors 
by its mechanical and chemical agencies ; since we see 
the earth yielding her flowers and fruits for his sup- 
port, and the waters flowing to quench his thirst, or to 
bear his ships, and all the animal tribes subjected to 
his dominion ; and, finally, since we see the sun him- 
self endued with such powers, and placed at just such 
a distance from him, as to secure his safety and min- 
ister in the highest possible degree to his happiness ; 
we are left in no doubt that this world was made for the 
dwelling place of man. But, on looking upwards at the 
other planets, when we see other worlds resembling 
this in many respects, enlightened and regulated by 
the same sun, several of them much larger than the 
earth, furnishing a more ample space for intelligent 
beings, and fitted up with a greater number of moons 

made ? Might it not have been to give light by night — ^to afford land 
marks to the navigator — or to exert a power of attraction on the earth 7 
320. To what conclusion are we thus led ? For what end were the 
^tarsmade? 

25 
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tern of the World, or to see in what order 
bodies that compose the universe are arrar 
thing is apparent to all who have studied 1 
nature, — that great uniformity of plan atti 
department of the works of creation. A dr 
has the same constitution as the ocean ; a 
air, the same as the whole atmosphere, 
and the eggs of a particular species of bii 
same in all ages ; the anatomy of man is 
that the mechanism of one body is that o] 
A similar uniformity pervades the mechari 
heavens. To begin with the bodies nearei 
see the earth attended by a satellite, the 
revolves about her in exact obedience to 
universal gravitation. Since the discovery 
escope has enabled us to see into the me 
the other planets, we see that Jupiter, S 
Uranus, have each a more numerous retir 
still fashioned according to the same mode] 
dient to the same law. The recent discos 



E 



FIXED STARS. 291 

titude of Stars assembled together into one group ; and, 
although we have not yet been able to detect a com- 
mon system of motions of revolution among them, and 
on account of their immense distance, particularly of 
the nebulae, perhaps we never shall be able, yet this 
very grouping indicates a mutual relation, and the 
symmetrical forms which many of them exhibit, prove 
an organization for some common end. Now such is 
the uniformity of the plan of creation, that where we 
have discovered what the plan is in the objects nearest 
to us, we may justly infer that it is the same in similar 
objects, however remote. Upon the strength of a sound 
analogy, therefore, we infer revolutions of the bodies 
composing the most distant nebulae, similar to those 
which we see prevail among all nearer worlds. 

322. This argument is strengthened and its truth 
rendered almost necessary, by the fact that without 
such motions of revolution, the various bodies of the 
universe would have a tendency to fall into disorder 
and ruin. By their mutual attractions, they would all 
tend directly towards each other, moving at first, in- 
deed, with extreme slowness, but in the lapse of ages, 
vrith accelerated velocity, until they finally rushed 
together in the common center of gravity. We can 
conceive of no way in which such a consequence 
could be avoided, except that by which it is obviated 
in the systems which are subject to our observation, 
namely, by a projectile force impressed upon each 
body, which makes it constantly lend to move directly 
forward in a straight line, but which, when combined 
with the force of gravity existing mutually in all the 
bodies of the system, gives them harmonious revolu- 
tions around each other. 

indications of systematic arrangement do we see in the clusters and 
nebulae ? 

322. What would happen to the various bodies in the universe, with- 
out such revolutioju 2 How could bucYi «. coiai&^c:uca\a w^^^«^*V 
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323. 
tlie sola 
Saturn, 
mechai 
materia 
nation > 
first or 
planets 
other 81 
of bein^ 
of wor 
gravity. 

324. 
present 
is almoi 
joining 
after tl 
which Vf%^ 



see, then, In the siabordinate members of 
item, in the earth and its moon, in Jupiier, 
Uranua^ with their moons, a type of ite 
of the world, and we conclude, ibatihe 
verse is one great system ; that the combi- 
aneU with their satellites, constitutes the 
;st order of worlds; that, next to these, 
linked to suns ; that these are bouwd to 
composing a still higher order in the scale 
nd, finally, that all the different systems 
r common center of 



regoing consideration! 
' the material universe, 
we can hardly avoid 
at h^ive been nueredj 
he insignificant place 
uj.*y in lue scaie of being, nor cease t^ 
wonder, with Addison ^ that we are not lost among the 
infinitude of the works of God. It is cause of devout 
thankfulness, however, thai omniscience and benev- 
olence are at the helm of the universe ; that the same 
hand which fashioned these innumerable worlds, and 
put them in motion, still directs them in their least as 
well as in their greatest phenomena 5 and that, if such, 
a view as we have taken of the power of the Creator, 
fills us with awre and fear, the displays of care mani- 
fested in all his works for each of the lowest of his 
creatures, no less than for worlds and systems of 
worlds, should conspire with what we know of his 
works of Providence and Grace, to till us with love 
and adoration. 

323. Describe I he ^ystcniofthi! world, 

324. What is said of Lhe ^rftiirleur ofthese yiews? What is sp& 
cial cause of thaiikfubesa 2 Row abould the contemplatian of ib» 

subji;ct affect jas 7 
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